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PREFACE TO THE FRENCH EDITION 

Whilst perusing the sheets of the technical treatise which MM. 
P. Dumesny and J. Noyer have asked me to present to the public, 
I could not help being struck with the progress which chemical 
science has accomplished in the last thirty yeai-s — a progress which 
leads it, step by step, to explore all parts of the field of human 
activity, and to bring to each of those parts the measure of know- 
ledge which it requires. At first the preoccupation of men of science 
was necessarily dominated by theoretical ideas, by verification of 
hypotheses, and by the building up of a system of doctrines capable 
of simultaneously satisfying not only the desire which we possess 
of demonstrating more and more intimately the constitution of 
matter, but also the need for simplification of the methods of 
teaching, and for the incessant realisation of fresh progi*ess. 

But realism never loses its rights. It was soon perceived that 
chemistry could not remain confined to the domain of the labora- 
tory, that the problems of life were within its field, and that its 
scope became enlarged by association with the material works of 
manlftnd, by lessening human labour, and, consequently, increasing 
the riches and the happiness of different nations. Thus it is that 
see jnen of science interest themselves to an ever-increasing 
extent in agricultural and industrial problems, and the teaching of 
industrial chemistry develop in all large countries, and so produce 
engineei*s capable of not onlv'^ placing theory and practice in hai’- 
mony in each inclustry, but capable also of modifying, of inventing 
and of sustaining the competition of products bv diminishing their 
cost price. 

It is with the same end in view that, alongside purely scientific 
literature, a need has made itself felt for technickl literature, to 
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enlighCen not only the young in their arduous search after know- 
ledge, ind not only the manufacturei*s themselves, but also their 
assistanti^,, workmen and foremen whose professional skill is by this 
acquired 'knowledge relatively increased. 

And here again a natural departure was made. 'It was to 
those industries which, working on a large scale and handling 
considerable capital, were — and should have been — able to be the 
first to make an appeal to the assistance of the man of science that 
attention was first of all directed. It is now the turn of industries 
which, occupying a secondary rank, are, nevertheless, of great im- 
portance, as much by the liches which they create as the necessity 
for the products which they place on the market, and Wood 
Products, Distillates and Extracts are of this latter categorv. 

In France, a wooded country, the industrial chemistry of wood 
employs a great number of hands. The living which is made out 
of it is a somewhat hard one, since the charcoal which it prepares 
has to compete, especially on the markets of large towns, with 
many rivals, as a source of heat and particularly with gas. To 
maintain their ground, manufacturers have had, and will have, to 
improve their equipment continually, increase their range of bve- 
products, and increase the value of some of them, of the tar 
products especially ; it is only by a complete knowledge of the 
properties of the raw material and its derivatives, and by the 
application of rational means of control to all parts of the factory, 
that they will be able to do so. 

The industry of tannic extracts is of more recent date ; the 
products which it prepares assume greater and greater importance, 
since the adoption of rapid methods of tanning has become a neces- 
sity in the hide and leather industry ; this importance will corftmue 
to increase in proportion as chemical science is installed in the 
tannery in the place of the rule-of-thumb methods which^ haf^ei 
reigned there far too long. The preparation of these extracts 
should fulfil certain conditions; it requires an equipment which, to 
be conducted economically, must be continually supervised. And 
here again, as in the industry of the chemical derivatives of wood, 
it is the complete scientific knowledge of his trade which should 
guide the manufacturer, the foreman and the w'orkman. 

The ti*eatise of MM. Dumesny and Noyer is, therefore, a timely 
one. Written by two practical men, distinguished engineers, who 
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know their subject, their collaboration could only result^ in the 
production of a book both scientific and technical, which contains 
all the instructions necessary for the methodical , cari*ying on of 
each of the industries within its purview, and which consequently 
has its distinctive place in the factory laboratory and in the labora- 
*tory of the student. I have pleasure in presenting it to the public 
and to predict for it a deserved success. 

E. FLEURENT, 

Docteur h Sciences^ 

Professeur de Chimie Industrielle au Conservatoire National 
des Arts*et Metiers. 




TRANSLATOR’S PREFACE 

Ihe translator has little to add to what Professor Fleurent has 
expressed so well. But the United Kingdom is far behind France 
in everything pertaining to woods and forests. We have no 
national school of forestry and no forestry inspectors. It is not 
to our national credit that our landed proprietoi's should be forced 
to recruit their forcstei’s from amongst their most intelligent 
labourei-s without these having undergone any preliminary training 
or technical education to fit them for a situation of that nature 
beyond the facilities which the estate itself may afford for practical 
instruction. Again, notwithstanding the Laird of Dumbiedikes’ 
instructions to his son, “Aye be stickin^ in a tree, Jock ; it’s growin’ 
while ye’re sleepin’,” wide tracts of woodland are too often felled 
and not replanted, and the effects of sudden rainfalls are too often 
aggravated thereby in this country as well as in Coi’sica. But one 
step in the right direction has been taken by the Government quite 
repentlvf viz.^ the purchase of a large tract of land as a model 
Highland estate, as an object-lesson to show how such an estate 
, should be managed, with sj)ecial reference to arboriculture. This 
ne^ *step on the part of the legislature augurs well for the future, 
but it would be well to put a special tax on unplanted land, and 
to relieve planted land of all taxes until it begins to pav for it- 
self by thinnings, etc. j'b’en a bounty would possibly not be 
out of place. One of the best object-lessons in arboriculture 
is to be seen on the Highland Bail way between Perth and 
Inverness, where, thanks to the foresight of enlightened landed pro- 
j)rietors of the past, what would be a dreary tmct of land is made 
to look in many spots like a paradise. Again, many European 
arboriculturists visit the famous oak forest of Altyre and Darnaway, 
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near Foii'cs. The planting of these forests was, I l)elieve, encouraged 
bv a iTokt medal of the Society of Arts. But arboriculture does 
not now receive the encouragement it formerly did. The re- 
placement of wooden ships by iron ships may account for the 
apathetic attitude of the legislature towards the development of 
Biitish Forestry in the past. 

Coming now to the utilisation of wood waste distillation. This 
has already been dealt with in a special treatise by E. Hubbard 
(Scott, Greenwood Sz Son, publishers). The difficulty of obtaining 
suitable retorts is discussed therein very fully. The sawdust from 
wood-paving blocks alone .vises in London and other large towns 
into lofty accumulations. This should be distilled forthwith, and 
probably the revolving retort holds the key to the problem. The 
sawdust should not get waterlogged by exposure to rain when no 
retort can bring out of the decomposed sawdust what is not in it. 
The utilisation of bobbin waste in such thread manufactunng 
centres as Paisley should be highly remunerative. A recent series 
of articles, in the Oil and Colour Trades Journal^ on American 
methods of wood distillation^ with special reference to the distillation 
of wood for spirits of tui*pentine, may well be studied with profit. 
It cannot be too much urged on the attention of foresters and 
landed proprietors that both the Scots pine and the larch abound 
in turpentine, etc., and that the onus lies on them to extract it, and 
that it is as irrational to rear a forest of pines and larches without 
extracting the turpentine, etc., therefrom as it would be to keep a 
herd of famous dairy cows and not milk them. But we shall see 
what the Government will do with its own model estate. Spain 
alone exported 5,000 tons of turpentine and rosin, accoi;ding to 
the last consular report. Now these 5,000 tons of valuable 
products were all taken from the air, not a })article from the soil. 
The trees which produce tui'|>entine will grow in almost })ure jfawd, 
and for timl)er alone, mixed pine and larch on such sandy soils will, 
after thirty yeai-s, yield a return averaging X I ])er acre per annum 
fi’om date of planting. That is on soil •of no annual, value other- 
wise ! Such being the case, it may well l)e asked. Why have we any 
unoccu])ied so-called “ban*en” land.^* As to tanning extracts, our 
Australian cousins ought to encourage the culture of the wattle 
shrubs, and our Foreign Office ought to .see to it that their cultiva- 
tion in the Soudan is developed to the fullest extent. The extract 
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industry seems happily to be flourishing in Jamaica, ^hat may 
be the ultimate effect of the freeing of grain-alcohol in the U.S.A. 
for industrial puiposes on the British wood-distilling industry 
remains to be seen. 

DONALD GRANT. 


London, yune, 1908. 
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THE DISTILLATION OF WOOD 

CHAPTER! 

GENERALITIES 

The industrial chemistry of wood — more especially the dry distillation 
of wood — has attained, for some years back, a considerable importance 
throughout the whole world. Thus in Europe alone the capital in- 
vested exceeds a milliard of francs (<£40,000,000). On the other hand, 
the area annually occupied by the forests, which serve the pyroligneous 
industry, in certain countries, can be measured in hundreds of thousands 
of hectares (1 hectare = 2-47 acres), which annually produce hundreds 
of thousands of cubic metres of wood (1 cubic metre or stere = 35 cubic 
feet, 547 cubic inches, or 1*31 cubic yards). In North America alone 
they go so far as to fell whole forests every year, to manufacture, from 
the wood, the products exported into Europe by the United States. 
The industrial distillation of wood dates from 1798, the time of the 
experiments of Philip Lebon. Lebon, submitting wood to the action 
of heat in a retort, so as to decompose it, created the industry of wood 
carbonisation, which afterwards made immense progress at the time of 
the discovery of the coal-tar colours, the manufacture of which re- 
quired large quantities of acetic acid and methylic alcohol. A new 
outlet for methylic alcohol was created later on, when the present laws, 
within a short interval, regulated in France and in Germany the use of 
wood-spirit for denaturing industrial alcohol. In France are felled every 
year 250,000 to 300,000 steres of oak, beech, etc. ; ^ that enormous 
amount of timber being out of proportion to the extent of the annual 
plantation in French forests tends to a prejudicial deaiforestation of the 
soil, which will be readverted in the chapter dealing with the extrac- 
tion of tannic acid from the chestnut tree. Nevertheless, the French 
consumption of methyl alcohol greatly exceeds the French production, 
but the French exports of acetic acid, as the following statistics for 1903 
and 1904 show, greatly exceed the French imports thereof. 


^ A stere being 35 cubic feet and a cord 125 cubic feet, to bring steres to cords 
multiply by 
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Table I. — Showing Imports and Exports of Methyl Alcohol into and out of 
• France during years 1903 and 1904 


f™oh(Im^rts Metric Tone. ^ 


Germany . 

Belgium . 

Other foreign countries 

232*501 ; 

347*824 
189*839 : 

Switzerland 

Other foreign countries . 
Free zone .... 
Algeria .... 
Other colonies and protec- 
torates .... 

3*761 

0*514 

8*786 

5*340 

1*792 

Net weight . 

Value . 

770*164 

£32,346*88 

Net weight . 

Value .... 

20*193 

£852*12 

1904 : French imports, gross weight, 1,712*8 metric tons, value £50,000. 1904 : 

French exports, gross weight, 43*1 metric tons, value £1,240. 

Table II. — Showing Imports and Exports of Acetic Acid into and out of 
France during year 1903 

1 French Imports from 

Metric Tons. 

French Exports to 

Metric Tons. 

i Germanv . 

1*077 

Great Britain . 

15*862 

1 Belgium . 

3*355 

Switzerland 

1*306 

Other foreign countries 

*294 

Spain .... 

Italy .... 

Turkey .... 
Other foreign countries . 
Algeria * . 

Tunis .... 

Other colonies and protec- 
torates .... 

25*340 

13*846 

47*460 

36*751 

15*523 

7*239 

4*791 

Net weight . 

4*726 

Net weight . 

168*118 

Value . 

£47*28 

Value .... 

£3,362*36 


1904 : French imports, gi-oss weight, 1*6 metric tons. 1904 : Fr^ch exports, 
gross weight, 236'9 metric tons, value £3,960. 


On the other hand, Germany shows the greatest production, owing 
to the development of the chemical industries, which use up large 
quantities of acetic acid. Thus in 1 897 Germany treated 400,000 steres 
of dry wood, which produced 1,500 to 2,000 metric tons of wood-spirit, 
8,000 to 10,000 metric tons of acetate of lime, 10,000 metric tons of 
wood tar and 44,000 metric tons of wood charcoal. Since 1880 America 
has exported large quantities of wcod -spirit and acetate of lime to 
European countries. This exportation has assumed considerable im- 
portance during the last ten years. The greater number of American 
installations, which may be estimated at about a hundred and are 
syndicated, delivered into Europe in 19OI 2,500 tons of wood-spirit, the 
product of 200,000 tons of dry wood. 
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Up to now wood-spirit is the only chemical product which com- 
bines within itself all the properties required in the denaturation of 
alcohol so as to render it unfit for consumption (undrinkable). In 
France the proportion of denaturant added to alcohol, being 10 
per cent, of methyl alcohol containing 25 per cent, of acetone, used up 
in 1901 more than 44,000 Imperial British gallons of wood-spirit, the 
value of which exceeded £80,000. On the other hand, Germany, 
which employs its denaturants in smaller doses, uses up a still larger 
amount ; thus, with such industries as the manufacture of colouring 
principles, aniline and methyl aniline, special varnishes, etc., its con- 
sumption in 1901 was 26,400,000 British Imperial gallons, of which 
1,100,000 gallons were for heating apparatus. During that year the 
quantity of methylic alcohol, used by Germany in its different industries, 
represented a value of about £1,600,000 in spite of its low selling price, 
which was twenty-four to twenty-eight shillings per 22 gallons. On 
the other hand, the consumption of acetic acid in the colour industry 
was greater than that of methylic alcohol. 

Varieties of Wood used in the Wood Charcoal Industry, — All sorts of 
wood may be used in wood distilling ; however, according to the yield 
and the products desired, preference is given to one or other variety, 
and that according to their density and their resistance to strain. 
Wood may for this purpose be classified thus : Very hard, Hawthorn ; 
Hard, Maple, Box and Wild Cherry ; Rather hard. Oak, Plum, Elm ; 
Slightly hard. Beech, Hazelnut, Pear, Chestnut; Soft, Pine, Spruce, 
Larch, Birch, Alder, Horse Chestnut; Very soft, Limes, Poplars and 
the different varieties of Willows. Ordinary woods give more acetic 
acid than alcohol ; woods of the spruce-fir kind yield more tar. The 
amount of charcoal is about the %ame for both kinds of wood. 


Table III. — Amount of Products Yielded per Cord of Wood.^ 


Class of Wood. 

Char. 

Bush. 

Alcohol. ; 
' Galls. 

C a Iciuui 
Acetate. 
Lbs. 

Tar. 

Galls. 

Wood 

Oils. 

Galls. 

i Turpen- 
i tine. 
Galls. 

Hard Woods 

40-50 

8-12 

1 150-200 

8-20 ! 





Resinous Woods 

. 25-40 

2-4 

50-100 

30-60 1 

30-60 

/ 12-252 

If 2-103 

Sawdust 

. 25-35 

j 2-4 

45-75 

— 

— 

1 — 


Chemical Rhenomena connected with the Carbonisation of Wood. — The 
results obtained are quite different* according to whether the wood is 
distilled slowly or rapidly. Thus Violette found that elder wood 
which yielded 18 9 per cent, of its weight of charcoal by slow distilla- 
tion only gave 9 per cent, by quick distillation. 

^ Veitoh, U.S.A. Dep. Agric. ^ Light wood. 

^ Sawdust. {This Table is added by Translator.) 
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Table IIIa.— Showing the Kesults Obtained by Slow (A) and Quick (B) Dis- 


tillation OF Wood (Senfft) 



Charcoal. 

Gas. 

Distilled 

Products. 

Pyroligneous 

Acid. 

Acetic Acid. 


A. 


A. 

B. 

A. 

B. 

A. 

B. 

A. 

B. 

Hornbeam . 

25-37 

20-47 

22-23 

31-01 

52-04 

48-52 

47-65 

42-97 

6-43 

5-23 

Alder . 

31-56 

21-11 

17-91 

31-13 

D0-t)3 

47-76 

44-14 

40-70 

5-77 

4-13 

Birch . 

29-24 

21-46 

19-71 

35-56 

51-05 

42-98 

45-59 

39-74 

5-63 

4-43 

Eowan 

27-84 

20-20 

20-62 

33-40 

51-54 

46-^0 

44-11 

39-99 

5-56 

4-16 

Beech . 

26-69 

21-90 

21-66 

33-75 

51-65 

44-35 

45-80 

39-45 

5-21 

3-86 

Aspen 

25-47 

21-33 

27-09 

j 32-31 

47-44 

46-36 

40-54 

39-45 

5-10 

4-36 

Oak . 

34-68 

27-73 

17-17 

27-03 

48-15 

45-24 

44-45 

42-04 

: 4-08 

3-44 

Fir . 

34-30 

24-24 

18-78 

29-41 

46-92 

46-35 

40-99 

40-11 

^ 2-30 

1-78 

Larch 

26-74 

26-06 

^1-65 

32-17 

51-61 

43-77 

42-31 

38-19 

^ 2-69 

2-06 


These results explain themselves, if it be borne in mind that, in 


bringing wood quickly to a high temperature, the carbonic acid formed, 
and the water vaporised, become dissociated in contact with the red- 
hot charcoal, the first yielding carbonic oxide by absorption of an 
amount of carbon equal to that which it already contains, the second 
yielding dtrbonic oxide and hydrocarbides by combination (l) of its 
oxygen with carbon, (2) of its hydrogen, likewise, with carbon. For 
that same reason, air-dried wood should be preferred to wood freshly 
felled, or to wood transported by river floating. Such woods contain a 
rather considerable amount of water capable of reducing the yield of 
charcoal. The amount of carbon transformed depends also on the 
temperature of the carbonisation, as was first demonstrated by Petten- 
koffer’s experiments, and also by the following results obtained by Vio- 
lette upon 100 parts of wood previously dried at 150° C. : — 

Table IV.— Showing the Effect on the Carbon Content of the Charcoal of Car- 
bonising Wood (Previously Dried at 150^ C.) at Different Temperatures 


(Violette) 


Temperature to 
which Wrx>d 
wa.-5 brought. 

Residuum or j 
Charcoal j 
obtained. i 

! 

Carbon per 
cent, in 
Residuum. 

Tempei-ature to 
which Wood 
was brought. 

Residuum or i 
Charcoal 
obtained. , 

Carbon per 
cent, in . 
Residuum. | 


C . 

"F. 



"C. 

°F. 

i 

! 


150 

302 

100-00 

47-50 

290 

554 

.84-10 1 

72.50 

160 

320 

* 98-00 i 

i 47-60 

300 

572 

33-60 

73-23 i 

170 

338 

94-60 

1 47-77 

310 

590 

32-90 

j 73-63 


180 

356 

1 88-60 

i 48-93 

3^0 

608 

32-25 

j 73-.57 


190 

374 

82-00 

i 50-60 

330 

626 

31-75 

73-55 


200 

392 

i 77-10 

i 51-80 

u 340 

644 

31-50 

75-20 


210 

410 

73-15 

! 53-37 

350 

662 

29-65 

1 76-64 


220 

, 428 

67-50 

54-57 

432 1 

809-6 

18-90 

I 81-97 


230 

446 

55-40 

j 57-14 

1023 

1873-4 

18-75 

83-29 


240 

464 

50-80 

i 61-30 

1110 

2030 

18-40 

88-14 


250 

482 

49-60 

' 65-88 

1250 

2282 

17-95 

89-10 


260 

; 500 

40-25 

67-80 

1300 

2372 

17-45 

90-70 


270 

! 518 

37-15 

! 70-45 

1500 

2732 

17-31 

94-.56 


280 

1 536 

36-15 

i 71-64 

i 
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Summing up, the woods most suitable for carbonisation, so as to obtain 
acetic acid and a good charcoal, are hard woods, such as oak, beech 
and hornbeam. They should not be felled before they are about 
twenty years old, and they should be felled preferably in winter, so 
that the wood may not be full of sap. 

Products of the Destructive Distillation of Wood: (1) Gaseous . — 
Carbonic oxide anti carbonic acid. (2) Pyroligneous. — Hydrocarbides, 
methyl alcohol, crotonylic and amylic alcohols, ether, acetone, for- 
maldehyde, methylol, acetic, propionic, butyric and valeric acids, and, 
finally, nitrogenous compounds of an ammoniaeal type, amine and 
pyridine, (d) Tars , — Hydrocarbides (benzenes and paraphenes), then 
once more methylic alcohol and acetic acidf higher fatty acids, mono- 
phenols and diphenols, a little pyrogallol, dimethylic ether and homo- 
pyrogallol. (4) Residuum . — Wood charcoal. 

Properties of Principal Products of the Distillation of Wood : (1) Wood 
Charcoal . — Good charcoal shows the grain of the wood that produced it j 
it is black and sonorous (that is, it emits a clinking sound when struck), 
it is not easily crushed, and does not soil the fingers. It floats on water 
in virtue of the numerous pores that it contains. It is a-bad conductor 
of heat and electricity. Wood charcoal burns without a great flame ; it 
burns more readily the lower the temperature at which it was pro- 
duced. Thus charcoal made at .S50° C, (662° F.) takes fire almost sud- 
denly, whilst that made towards 1,500° C. (2,732° F.) is only kindled with 
some difficulty. Wood charcoal has a density which varies somewhat 
with the wood that produced it. On an average, the hectolitre (2j 
bushels) weighs 14 to 18 kilogrammes (11 to 14^ lb. per bushel) in the 
case of charcoal from soft woods; 22 to 28 kilogrammes (17| to 22 
lb. per bushel) in the case of charcoal from hard woods ; and 30 to 35 
kilogrammes (22 to 28 lb. per bushel) in the case of oak charcoal. 

Table V.— Showing the Composition of the Three Types of Wood Charcoal 

N 


2-46 I 
1-56 • 

1-60 


The calorific intensity of wood charcoal is generally comprised be- 
tween 6,500 and 7,000 calories? By carbonisation in closed vessels 
the density of the wood chareoal so obtained is very feeble, and its 
calorific intensity is less high than by forest carbonisation. 

(2) Methyl Alcohol . — Methyl alcohol (CHgOH) is a mobile liquid 
with a decided spirituous odour; it boils at 66° C. (150‘8° F.) ; its 
density is 0'814 at zero. It mixes with water in all proportions. The 


Kind of W'ood. 

C 

H 

0 1 

Soft wood 

85-18 : 

2-88 

1 

3-44 

Hard wood 

87-43 

3‘2o 

0-54 ' 

Oak 

88-20 

2-80 

7-40 1 
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density at 15*5° C. of methylic alcohol diluted with water has been 
determined by Ure. 


Table VI. — Showing the Density of Methyl Alcohol of Various Strengths (Ure).^ 


Alcohol per cent. 

Density. 

Alcohol per cent. 

Density. 

100 

0*8316 

60 

0*922 

90 

0*843 

50 

1 0*941 

80 

.0*872 

40 

! 0*956 

70 ! 

0*899 




Methylic alcohol is separated from its aqueous solution by carbon- 
ate of potash. It burns Vith a pale, scarcely luminous flame, and 
oxidises in presence of platinum black, with production of formic alde- 
hyde. Finally, methylic alcohol exercises a peculiar physiological 
. action on the organism, which renders its use in food or drink very 
dangerous. A stere of wood (35 cubic feet) yields on distillation 2 to 
3 litres of alcohol. [For American yield of alcohol per cord, see 
Table III., page 3.] 

(3) Creosote , — Creosote is not a well-defined product ; it consists of 
phenol, accompanied by several otits higher homologues : cresyl hydrate 
or cresylol, and, according to Berthelot, of phlorol, cresol, and especially 
gai'acol. Creosote is a colourless, oleaginous liquid, which turns yellow- 
ish in the light ; its density is 1*037 at 20'" C^ (68° F.) ; it boils at 203° C. 
(397*4° F.). Slightly soluble in water, creosote dissolves very well in 
alcohol, ether, fixed and essential oils, acetic acid and alkaline lyes. 
Heated with caustic soda and manganese dioxide, it forms a product 
which, taken up with water, yields rosolate of soda, from which 
sulphuric acid precipitates rosolic acid, *a colour much used in yellow 
dyeing or calico printing. 

(4) Acetic Acid . — Acetic acid (CH3CO2H) is a colourless lifjuid with 
a density 1*064. It crystallises below 17° C., boils at 120° C. (248° F.). 
Its odour is suffocating, but, diluted with water, it is rather pleasant. 
Applied to the skin, acetic acid destroys the epidermis and produces 
vesication. It attracts moisture from the air, and mixes in all propor- 
tions with water, and with alcohol mixed with water ; up to a certain 
proportion, this acid increases in density, oto diminish afterwards, when 
the proportion of water is exceeded. The maximum density of dilute 
acetic acid is 1*073. It then correspofids to a mixture of 77*2 of pure 
acid and 22*8 per cent, of water, and although this is not a definite 
hydrate it is expressed by the formula C2H402,H20. The vapour of 

^ A diluted alcohol taken as standard (100 per cent.). See Dittmar and Fawsitt’s 
Table in Appendix.— D. G. 
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acetic acid is inflammable and burns with a blue flame; the glacial 
acid has the property of not decomposing carbonate of lime. It 
must be diluted with water before it reacts on that substance ; a 
mixture of alcohol and acetic acid does not redden litmus and does not 
attack certain carbonates (Pelouze). 

(5) Acetone (CgHgO). — Acetone is a colourless inflammable liquid 
burning with a luminous flame ; it is volatile, its odour is ethereal, its 
taste burning; its density is 0*792 at 18° C. (64*4° F.) and 0 814 at 
0° ('. (32° F.). Its boiling point is 56° C. (132*8° F.). Acetone does not 
solidify at 15° C. (59^' F.). Soluble in all proportions in water, alcohol 
and ether, acetone neither dissolves calcium chloride nor potassium 
chloride, but it dissolves the greater number of the resins, oils and fats, 
camphors, etc. Gun cotton is easily soluble therein. Acetone forms, 
with alkaline bisulphites, crystallisable compounds, insoluble in an excess 
of bisulphite as well as in ether, but soluble in boiling alcohol, from which 
they crystallise on cooling. These compounds are likewise soluble in 
water and easily decomposed on boiling with an alkaline carbonate or an 
acid. Under many circumstances it is thus possible to isolate acetone 
or to purify it by causing it to enter into this state of combination. As 
concentrated a solution of bisulphite as possible must be used. The re- 
action then takes place more rapidly and with disengagement of heat. 


Table Appended to Chapter I. — Specific Gravity and Weight per Cubic Foot 
AND PER Cord of Different Kinds of Wood.^ 



Density. 

Ash. 

Lbs. per Cubic 
Foot. 

Lbs. per Cord. 

Ash .... 

0-625-0-7184 

0-26-0-78 

38-9-46-8 

2790-3350 

Oak .... 

0'6540-0‘9501 

0-26-1-49 

40-7-59-2 

2920-42-20 

Chestnut . 

0-4504 

0-18 

28-0 

2010 

Beech 

0-G883 

0-51 

42-9 

3070 

Birch ». 

0-5760-0-6533 

0-25 0-31 

35-9-40-8 

2570-2920 

Poplar 

0-3889 

0-96 

24-2 

1740 

Elm 

! 0-6506 

0-80 

40-5 

1910 

Longleaf Pine . 

j 0-6999 

02-5 

43-6 ! 

3120 

Norway Pine 

! 0-4854 

0-27 

30-2 

2160 

White Pine 

! 0-3854 

! 0-19 

24-0 

1720 

Spruce 

1 0-4051-0-4584 

0-27-0-3-2 

25-2-28-6 

1810-2050 

Hemlock . 

' 0-4239 

0-46 

26-4 

1890 

Douglas Fir 

0-5157 i 

0-08 

32-1 

2300 

Larch 

i 0-^236 i 

0-33 

38-8 

2780 

Maple 

i 0-5269-0-6912 I 

1 _ ' 

0-33-0-54 1 

32-8-43-1 

2300-3090 


1 Sharpie’s Tenth Report U S. A. Census. (This Table is added by Translator.) 




CHAPTER II 


PRINCIPAL METHODS OF CARBONISING OR “ COALING ” WOOD 

The different systems of carbonising wood may be grouped under one 
of the two following head^ : carbonisation (1) by partial combustion; 
(2) without access of air. The first category includes the methods 
used in the forest, simply to convert the wood into charcoal ; such 
charcoal is recognised as being more valuable than that got by one 
of the processes of the second category, where it is rather a by-product, 
unless it be quite a special product, such as charcoal for gunpowder. 

Carbonisation hij Partial Combustion . — These processes may be sub- 
divided into two sections : (I) carbonising in stacks or the forest 
process ; (2) carbonising in ovens for the production of tar. 

(1) Carbonising in Stacks or the Forest Process. — Generally, to reduce 
freight charges, wood is “coaled ^ in the forest where felled. As the 
w'ood must, above all, be protected from the action of the air, stacks are 
constructed in which the carbonisation is produced at the expense of 
the wood to be carbonised. On a dry soil, protected from the wind, 
a suitable site is prepared called the fonlde. The soil chosen should 
neither be light nor sandy. Neither should it be compact, so that it 
may readily absorb the liquids whicli qpndense during carbonisation. 
When possible, a fonlde which has already done duty is again utilised ; 
the yield in charcoal is tlien better, and may amount to 20cper cent. 
The floor ought to slope from the centre to the circumference with a 
circular drain, so that carbonisation may be more easily effected. 
Only one and the same variety of timber should be carbonised in the 
same stack. The stack is built thus: Around some billets of wood, 
placed vertically in the centre of the fonlde, chumps of wood 10 inches 
long are arranged so as to stand upright in layers, packing them as 
tightly as possible the one against the other. The diameter of each 
layer — separated by a few pieces of wood lying flat — gradually decreas- 
ing, imparts to the stack the form of a hemisphere or a paraboloid, the 
height of which is 10 to 13 feet. When the stack is finished it is 
covered by a layer of small plants, moss or leaves, then with a layer 
ot earth or turf, leaving apertures or vents in the lower part. Then 

(8) 
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the upright billffts are removed from the centre, which thereby leaves 
a vacant space, forming a central chimney, communicating with the 
vents in the lower part of the stack. The chimney is then filled with 
small pieces of lighted wood, which set fire to the mass, and, when 
combustion is sufficiently far advanced, the chimney, which up to now 
has been well fed with fuel, is stopped up ; then, starting from the top, 
the vents are opened so as to allow the products of combustion to 
escape. The smoke which first escapes is black, but it soon becomes 
transparent ; when it is bright blue, which shows that the carbonisation 
is in the vicinity of the vents, the latter are stopped up, and others 
are opened, 10 or 12 inches lower down, and so on. When the bottom 
is reached all the apertures are closed, and •the stack is covered with 
a layer of moist earth. It is now allowed to cool for several days ; 
the earth is then removed and the charcoal produced is separated from 
the imperfectly carbonised portions which are termed fmnerons. Oak 
and beech thus yield 72 to 75 per cent, by volume (21 to 23 per cent, 
by weight) of wood charcoal. Hornbeam yields 55 to 60 by volume, 
and 21 per cent, by weight. For the carbonisation of resinous wood 
in Sweden and in Austria the stacks, instead of being vertical, are 
horizontal. They have the advantage of carbonising a large quantity 
of wood, whilst entailing less labour. The carbonisation is, moreover, 
more easily managed, and the charcoal obtained more uniform in 
quality. 

(2) Carbonisation in Ovens or Kilns for the Production of Tar. — The 
use of ovens, generally, entails building expenses, and afterwards in- 
volves the transport, always costly, of the raw materials, chiefly wood. 

Rectangular Ovens. — Idie use of these ovens is a transition between 
the stack process and that of ovens properly so called. They are built 
to remain stationary and consist of a sort of rectangular brick kiln 
which may be closed hermetically. Vents to regulate the progress of 
the operation are placed at the four corners of the rectangular kiln. 
From 200 to 250 steres of wood are piled in this chamber, making flues 
at the same time which lead to the vents. The fire is brought to the 
centre of the oven, through a hearth situated in its axis, and carbonisa- 
tion goes on, from within outwards, by means of the hot gases. The 
tar and pyroligneous acid collect at the bottom of the apparatus. It 
has also been attempted to make circular ovens on the same principle, 
but they have been abandoned, "because they yielded wood charcoal 
of a quality inferior to that produced by the stack process. 

Chabeamsihe s Oven. — The object of this oven was to collect the 
by-products of wood distillation in addition to wood charcoal. Car- 
bonisation is effected in pits built of masonry, 10 feet deep, 10 feet 
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wide at the bottom, and about 11^ feet at the top. These pits are closed 
by a dome-shaped, wrought-iron lid, pierced, first of all, by a central hole 
for lighting the wood, then by four other holes used to watch the ex- 
tinction of the charcoal. Vents bring the air necessary for the combus- 
tion, and serve also for regulating the draught. The billets are piled 
horizontally in the oven, care being taken to leave a chimney in the 
centre. The wood is then lit, and all the apertures in the lid are 
stopped and the lid itself covered by a layer of earth. The distilla- 
tion lasts four days. 

Sch?vart 2 Oven. — The principle of these ovens is based on the fact 
that a flame which does not contain free oxygen cannot burn wood, 
although it can decompose it. In this class of oven the carbonisation 
chamber has the shape of an elongated rectangle covered by an arch ; 



Fig, 1. — Portable vertical retort for wood distillation. 

on each of the two long sides of the oven the flues from an outside fire- 
place convey a flame without oxygen, which brings the wood to a tem- 
perature sufficiently high to carbonise it. The gaseous products escape 
by conduits in the middle of the small sides of the oven, and the liquids, 
which condense in the bottom, are collected by siphons which lead 
them into receivers in the vicinity. 

Chinese Ovens. — In China the oven^ are underground, and the 
chimney^ ends in the bottom of the oven ; another opening on the 
ground level serves to regulate the* entrance of air into the newly 
lit oven, so as to produce slow combustion, which is modified according 
to the colour of the smoke, which escapes by the chimney. 

Carbonlmtion in Closed Vessels : Portable Retorts ; Fixed Retorts ; Con- 
tinuous RetoHs. (1) Portable RetoHs.—One^ of the oldest of these, still used 
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in France, consists of a well-riveted, vertical, cylindrical, wrought-iron 
boiler, 10 to 14 mm. thick (say from | to rather over | inch), 2 to 2 3 
metres deep (say from 6i to 7^ feet), and 1*5 metres in diameter (say 
5 feet). It is closed on the top by a lid luted with clay, and fixed by 
iron catches or by screw bolts. The lid has a central pipe, for the 
disengagement of the vapours. To the top part of the retort, underneath 
the circular flange, on which the lid rests, there are fixed three bent 
pieces of iron, by which it can easily be hooked under a crane, so as to 
be readily deposited in, or brought out of, the furnace. An iron handle, 
fixed a little less than half-way up, facilitates the tilting of the 
retort, when, after distillation, it is desired to empty out the char- 
coal which it contains. Finally, the retort? rests on the iron crown 
of the furnace by a strong flange, riveted on to the cylinder, about 40 
centimetres (say 15^ inches) lower down than the top flange of the 
retort. The life of these retorts is from five to six years for the 
bottoms, and ten to twelve years for the cylindrical bodies. These 
cylinders are arranged in series of 10, l6, and even 21*, in two rows, 
in the same mass of masonry, built so that the flames from each of 
them do not play on the iron, which might become overheated. 
The bottoms of the retorts are, therefore, protected by fireclay bridges. 
The furnace gases circulate round the cylinder by flues made in the 
masonry arch so as to escape to the chimney, by an upper orifice 
placed directly underneath the iron crown of the furnace. A furnace 
consumes 200 kilogrammes of coal (say 4 cwt.) in winter, and 150 kilo- 
grammes (say 3 cwt.) in summer per twenty-four hours in carbonising 10 
steres of wood, say on an average 15 to 20 kilogrammes per stere (cubic 
metre), say 33 to 44 lb. of coal. When the importance of the installa- 
tion admits of it, the retorts ajre sometimes heated by gasogenes ad- 
jacent to the bench of retorts, so as to avoid the loss of heat inevitable 
with long tionduits. The handling of the retorts is done by the aid of 
a double rolling bridge, carrying an elevating apparatus or hoisting 
tackle both wrought by hand or electrically as shown in Fig. 2. The 
retort, when distillation is complete, is withdrawn from the furnace, 
and transported outside, to be emptied of the charcoal which it 
contains, whilst another retort, charged with wood, is put in its place, 
so that the work suffers no inteiff uption. When the retort containing the 
charcoal is sufficiently cool, it is opened, then it is placed on a bascule 
to empty it of charcoal. In certain factories, to diminish the number 
of retorts and consequently the initial installation capital, the cylinder is 
opened as soon as it comes out of the furnace house, so as to tilt its 
glowing contents into wrought-iron extinguishers. Advantage is then 
taken of the retort being in a horizontal position to charge it with fresh 
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wood. Sometimes a sort of iron crate is used to receive the retort 
from the crane, so as to facilitate emptying ; these crates have two 
diametrically opposite pivots around which they can turn. An adjust- 
ment fixes the retorts in the crates. In some installations a single 



Fig. 2. — Portable vertical retort for wood distillation with hoisting and lowering 

tackle. 


hearth does duty for two carbonisation furnaces. By means of dampers 
for the furnace gases, and of small fans for the permanent gases, these 
gases are directed into one or other of the furnaces, so as to bring the 
retort, which is nearing the end of its distillation, to a higher tempera- 
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ture. By this arrangement a constant fire can be kept on the grate 
and a considerable saving in fuel realised, as well as great regularity in 
working, which does away with W\^ fumerons (lialf-burnt pieces) in the 
charcoal. 

(2) Fixed Retorts — Vertical and Horizontal — and Large-sized Continuous 
Retorts. A. Cylindrical Vertical Retorts. — -This type, being almost obso- 
lete, will only be described as a matter of history. Mollerat freres 
were, in 1810, in France, the first to invent this type of plant for ex- 
tracting pyroligneous acid from wood heated in closed vessels. Their 
apparatus consisted of a large wrought-iron cylinder of 3 cubic metres 
capacity, built into a brick furnace, heated by a fireplace under the 
retort, and so constructed that the combustfon gases circulated round 
the cylinder before passing to the chimney. A manhole was inserted 
in the lid for charging the cylinder and for the discharge of the 
charcoal from the carbonisation of the wood, when the operation was 
terminated. A pipe on the side of the upper part of the retort led 
the distillate to a condenser. Kestner afterwards modified this plant 
by closing the cylinder by a removable lid held by iron clasps, and 
inserting an orifice in the bottom for the discharge of the charcoal, 
which was then collected in cast-iron extinguishers. This system en- 
tails comparatively a much larger plant to work the same quantity of 
wood than an installation witli portable retorts. 

B. Horizontal Cylindrical Retorts. — In Great Britain, in Sweden and 
in Germany, wood is distilled in cylinders laid horizontally in the 
furnace and heated by the same fireplace (Fig. 3). The two ends are 
closed either by clay-luted, cast-iron doors or by cast-iron doors with 
two handles, and kept in position by a system of iron crosspieces, carry- 
ing a tightening screw like gas retorts. One end of the cylinder has 
in its closing disc, which is not dismantled except for repairs, a pipe 
for the disengagement of distilled products. As to the other door, 
it may be used for charging the wood into the retort, and then for 
discharging the charcoal, which is run into wrought-iron extinguishers. 
These cylinders take a charge of 5 steres of wood, the distillation of 
which takes eight hours. This type of retort has lately undergone 
many modifications. The retort has now only one door, as shown in 
Fig. 4, placed in the smoke-box of the furnace. This plan gives better 
results in the carbonisation of the wood, as all parts of the retort are 
heated. A charge of up to 5 sferes of wood takes sixteen to twenty- 
four hours. 

C. Large-sized Furnaces , — In certain German districts large horizon- 
tal retorts are used, capable of taking a charge of 30 to 50 steres of 
wood. They are heated, not only on the exterior, but also on the interior 
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by two wrought-iron chimneys starting from the bottom of the retort. 
A charge in this type of retort takes four to six days. 

The Stack Furnaces, a view of which is given in Fig. 6, are on the 
same plan as those used in America, in Russia and in Hungary. They 
are built of masonry and— everything else being equal, even as regards 



inn 


Fig. 



3. Cross section and longitudinal section of furnace or oven with two horizontal 
retorts for wood distillation and arrangement for utilising the gas produced for 
heating the retorts. 



Fio.S4.-Furnaoe for wood distillation with two horizontal retorts with only one 
door for closing. 

products obtained— run, in proportion to size, cheaper than other plant 
They can be charged up to 300 steres (84 cords), each charge taking 
twenty days. At the exit of the condensers the gases are propelled 
by a fan under the stacks, where they are burnt as fuel. 
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D. Continuous Distillation Plant. The Astley Paston Price Furnace . — 
This furnace, built of fireclay bricks, is a large flue, the floor of which 
slopes slightly. It can take three trucks charged with wood. It is closed 
at the ends by iron doors, and is divided by wrought-iron partitions 
separating the middle truck from the two others. The fireplace being 
directly underneath the second truck, the latter is then in the hottest 
part of the furnace and is in full distillation whilst the first is cooling, 



Pig. 5 . — Capacious vertical retorts for wood distillation with internal and external 
heating arrangements. 



Pig. 6. — Masonry stack ovens or furnaces for wood distillation on very large scale 
and appropriate condensation plant. 

protected from air, and the third, the last introduced, is being prelimin- 
arily dried. The condensable gases escape by pipes fixed in the roof 
of the middle compartment. 

Bressons Vertical Furnace is ii derivative of the preceding, but it 
differs in the plant used and in the fact that the wood to be carbonised 
is shifted vertically instead of horizontally. It consists of five super- 
imposed, jacketed, cast-iron cylinders, supported by a piston in the 
bottom. The three middle cylindei-s are in full heat in a masonry 
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furnace whilst the lower cylinder is cooling and the wood in the top 
one is undergoing preliminary drying. Horizontal dampers allow the 
three cylinders in course of distillation to be isolated. The volatile 
products disengaged from the wood escape through a pipe, which starts 
near the uppermost part of the third upper cylinder and leads to a 
condenser, whilst the permanent gases go to a gasometer, from which 
starts a pipe which brings them back to the fireplace, where they are 
burnt. In this furnace wood distils in forty-eight hours, passing 
gradually from a teraperatur'e of to 700° C. (482° to 1,292° F.). 
According to Bresson, the yields in pyroligneous products are notably 
higher than those obtained with other plant, in consequence of a 
slower and more methodkcal carbonisation ; moreover, the charcoal so 
produced is of a better quality. 

Distillation of Saivdust } — This style of distillation could be carried 
out in ordinary retorts, but it would present some difficulties, in con- 
sequence of the moisture contained in the sawdust, etc. Moreover, an 
isolating envelope of charcoal forms in the beginning, which renders 
the penetration of the heat to the centre of the mass difficult, and 
afterwards retards the disengagement of the distilled products. Con- 
fronted with the impossibility of rationally distilling these waste pro- 
ducts, resource has been made to the use of mechanical methods for 
mixing the raw material. Holliday invented a plant in which the 
wood waste is fed in at one end of the retort through a hopper, 
then, whilst an Archimedean screw gradually leads it to the other ex- 
tremity, the material is carbonised in its passage through the apparatus ; 
the gases and vapours disengaged are led by a special pipe to a con- 
denser, whilst the very finely divided wood charcoal which results 
from this operation falls to the bottom, of the retort through a pipe in 
a vessel filled with water. This process consumes much fuel, and, be- 
sides, it yields a dilute distillate very costly to evaporate. To remedy 
these defects the Holliday process was modified by the use of several 
cylinders fixed above each other, the bottom one receiving the main 
heat from the fire, whilst the top one is heated by the waste heat. 
The w'ood waste is introduced in the top part of the plant, where it is 
freed from the bulk of its water. It then describes a zig-zag course 
as it passes from one cylinder to another^ to issue completely carbonised 
through the bottom of the lower cylinder. In another process, retorts 
analogous to an acetone retort are •used. Two similar retorts, one 
above the other, communicate by pipes. In the top retort a pre- 
liminary drying is effected, in the second the distillation proper. 

^ For a full treatment of this branch of wood distilling, see Hubbard’s Utilisa- 
tion of Wood Waste (Scott, Greenwood & Son). 
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Meyer’s plant for the distillation of wood waste consists of two hori- 
zontal retorts, into which there are introduced, through two sliding 
doors, trucks with a certain number of shelves, on which the material 
to be distilled is spread in a thin layer. Whilst carbonisation is going 
on in the one retort, the wood waste is being dried in the second. The 
carbonised wood waste is withdrawn on the trucks into cooling chambers. 
By this method, owing to mixing being done away with, working ex- 
penses are less than in the previous methods, and finally the hot re- 
torts can be recharged immediately. Bergmann tried, whilst still using 
ordinary retorts, as his patent shows, to agglomerate wood sawdust in the 
form of briquettes, and thus avoid the drawbacks already referred to ; 
but this process was soon abandoned, as, in qrder to distil these com- 
pressed materials, the retorts must be brought to a high temperature, 
and the plant wore out too quickly. 



Workwg Routine ; (1) Honzontal Retorts . — The Avood charcoal having 
been just discharged, the retort is filled with wood as dry as possible, 
charging the bottom first ; the door is closed and the fire urged. 
In ten minutes the distillation commences, as is seen by the great 
increase of temperature in the goose-neck ; then it distils condensable 
products, accompanied by permanent gases. The liquid, which con- 
denses first of all and is run away because it contains the greater part 
of the hygroscopic water contained in the wood, is slightly acid, and 
holds in solution some traces of tar. Then the strength in acid in- 
creases, and the colouration, owing to the greater amount of tar, is 
deeper. For retorts of 2 cubic metres capacity the distillation lasts 
about fourteen hours ; at the end of that time the quantity of condensed 
products diminishes, the disengagement of gas ceases, and when the 
goose-neck begins to cool the operation is finished. The fire is with- 
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drawn and the door of the cylinder is soon opened, and the wood char- 
coal, which then becomes incandescent, is withdrawn by means of rakes. 
It falls into wrought-iron receivers, in w^hich it cools without access of 
air. The extinguishers are then taken away, and after making sure 
that the neck of the retort is not obstructed by condensed tar, a fresh 
charge is made with wood brought on a truck. 

(2) V ertical Retorts. — The cylinder being filled with 4 or 5 steres of 
wood, taking care to utilise its capacity to the utmost, its lid is put 
on, and it is laid in its place- in the furnace ; distillation commences ; 
it is carried on open to the air until all moisture is expelled, that is 
to say, until the previous white smoke becomes blue. The neck of the 
retort is now connected with the disengagement tube, which is luted 
with clay. So long as the distillate does not run clear it is collected 
apart to be converted into brown acetate of lime ; when it becomes 
bright brown and tests strong (de tltre fort), which occurs in normal 
working at about the fifth hour, it is sent to the grey acetate reservoir 
direct. Ten hours after starting, when the distillation jets commence 
to brown, they must be sent to the brown acetate reservoir. If a 
factory using vertical retorts be compared with one using horizontal 
retorts, it will be remarked that there is no advantage in the first 
system, except in the quality of the charcoal produced, provided that 
this charcoal be allowed to cool a certain time in the retort, which 
involves a much greater number of retorts. Everything else being equal, 
it is recognised that vertical retorts have no advantage over horizontal 
ones. 

Condensation Plant. Condensers. — As in every similar industry, the 
condensation of the distillate in wood carbonisation plays a great part. 
A badly planned installation may lead. to mishaps, which can only be 
prejudicial to the manufacturer. In fact, the gas from the retort brings 
in its train acetic acid, acetone and wood-spirit, and, as wood yields 
about 20 per cent, of its weight of permanent gas, it follows that in 
the case of a factory treating 50 tons of wood a day, 8,000 cubic metres 
of gas are produced, capable of bringing in their train pyroligneous 
products, which are burnt in the fire. In summer, as the temperature 
of the water used for condensation is higher, as much as 50 per cent, of 
methyl alcohol and acetone and 10 per cent, of acetic acid may be 
lost. It is therefore necessary in installing a factory to impart to the 
refrigerating condensers a rather large surface and development, so that, 
even with the strongest distillation of gas and vapours, the distilled 
products are brought to the temperature of cold water as they issue 
from the condenser. No hesitation should be made in installing com- 
plete and sometimes costly condensation plant, especially when it is 



PEINCIPAL METHODS OF CARBONISING OR “ COALING ” WOOD 19 


a case of powerful carbonising plant. As tarry deposits are apt to 
form in the pipe which carries away the distilled products, which, by 
becoming calcined, would obstruct the pipes, it is well not to have the 
condensers too far away from the retorts. In the early days of wood 
distilling the condenser consisted simply of four horizontal copper pipes 
supported on a wooden or iron frame, communicating with each other 
by three elbow joints, and completely enveloped by wrought-iron 
jackets, in which water circulated. This cold water flowed from a 
reservoir into the lowest jacket, close to where the condensed products 
issued, then passed successively into the other upper jackets by means 
of small vertical pipes, which connected the annular spaces between the 
pipes and their jackets. The condensed products flowed into a reser- 
voir, whilst the permanent gases were led by special piping to the re- 
tort furnaces, where they produced in burning such a heat that for the 



Fig. 8, — Horizontal condenser for cooling distillate. 


moment no other fuel was necessary. In more modern factories this 
system of condensation is replaced by a condenser, consisting of a 
rectangular*wrought-iron tank (Figs. 8 and 9)^ containing a series of red 
copper tubes, slightly sloped to allow the condensed liquid to flow out. 
These pipes are fixed in tlie tank by collars bolted on the opposite 
short sides. They are connected up in pairs on the outside by brazed 
copper jackets and elbows. They are easily dismantled for cleaning. 
A current of cold water enters by the bottom and issues through an 
overflow pipe situated a few centimetres below the upper edge of the 
condenser. Meyer’s tubular bundle condensers are either vertical or 
horizontal. With a maximum coiKlensation they consume but little 
water. As shown in Figs. 1 0 and 1 1, they can easily be cleaned by 
undoing the door at one end. As they issue from the condenser the 
liquid and incondensable gases pass to a separator and gas washer, 
thence they pass into the furnaces, as will be seen farther on. Fig. IJ? 
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shows a wooden condenser installed at the end of the large stack 
furnaces taking 300 steres of wood, in which the gases are propelled by 
a fan. So as to diminish the loss due to entrainment by the permanent 



Fig. 9. — Condenser (cooler) with its separatoijind gas collector. 



Fig. 10. — Tubular condenser (cooler), vertical, 
gases, which always remain saturated with vapour, Vincent, by a special 
arrangement, which gives excellent results, utilised the cold, produced 



PEINCIPAL METHODS OF CAEBONISING OE “ COALING ” WOOD 21 

by dissolving certain salts used in the manufacture of the derivatives, 
carbonate of soda for instance. He passes the cold gases, as they come 
from the condenser, through a layer of carbonate of soda 70-80 cm. deep, 
spread on a double bottom in a copper column. Under the influence 
of the current of gas saturated with water and with acid, the crystals 
of carbonate of soda gradually melt and become converted into acetate 




Fi(}. 12. — Wooden condenser for large stack ovens. 

of soda, producing at the same lime a considerable lowering of tem- 
perature, which causes an abundant condensation of utilisable vapours. 
The liquid, drawn off by a tap placed in the lower part of this appara- 
tus, is afterwards distilled and yields crude methyl alcohol, which is 
condensed, and an alkaline residue, which is used in making acetate 
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of soda. In more recent installations they simply pass the gases into 
one or two coke towers (Fig. 13) through which water or weak pyro- 
ligneous acid trickles from above. As they issue from these towers the 



Fig. 13. — Pair of coke scrubbers foj: condensing gas. 

gas contains, according to the stage at which the distillation of wood 
has arrived, the following : — 

Table VIL— Showing the Composition of Gases from Wood Distillation after 


Passing 

through Co5e Scrubbers 



In Beginning, 

1 At End, 


per cent. ‘ 

1 per cent. 

Carbonic acid, C0._, 

44-90 

29-20 

Carbonic oxide, CO 

30-80 i 

1 34-90 

Hydrogen as hydrocarbides . 

10-80 

1 34-20 

Nitrogen .... 

1-50 

1-70 


^ 100-00 

100-00 i 

i 


They are then made to pass by means of a Koerting injector into a 
lime aspirator which retains carbonic acid, whence they pass to the 
furnaces to be burnt. 

Installation of a Wood Charcoal Factory, General Considerations, 
— Many things have to be considered in choosing a site for a wood 
carbonisation factory. Besides raw material, such as wood, coal and 
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lime, which enter into this industry, the facilities for transport both 
by rail and water which would be at disposal must be taken into 
account as well as the water supply, the requirements for which are 
great, especially for the condensation of the products disengaged by 
the distillation of the wood. Since an ideal factory is difficult to 


( 1 ) 



Fig. 14. — Plan, sections and elevations of a wood distillery capable of treating 100 
stores (27 cords) of wood daily. (1) Sectional elevation along AB of ground 
plan. (2) Ground plan. 


realise ; it is necessary to try to get as near as possible to the forest, 
the wood of which it is proposed to distil, so as to reduce freight 
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charges of the raw material to a minimum, whilst getting at the same 
time near to a railway, a stream or a canal, by which lime and coal 
can be received and finished products despatched. A factory (Fig. 14 ) 
situated far from a wooded district would be placed at a great disad- 
vantage, although the floating of timber could be utilised. The floating 
of timber as a method of transporting wood should at the present 
day be abandoned, because it is recognised that the best yields in 
distilled products are got from wood as dry as possible. It is evident, 
however, that this floated timber can be stacked for several months 
before manufacture ; but, during its slow drying in the air, it under- 
goes decomposition, sometimes profound, which renders it less com- 



Fig. 14a. — Plan, sections and elevations of a wood distillery capable of treating 100 
steres (27 cords) of wood daily. Sectional elevation (1) along CD ; (2) along 
EF of ground plan (Fig. 14). 

bustible ; consequently such wood on carbonisation yields more tar 
and a charcoal which, being more friable, is less valuable. The cost 
of the wood delivered at the factory is a most important item. This 
leads to the conclusion that such an industry should only be installed 
in districts where wood is cheap. However, that condition does not 
suffice, for the wood charcoal must ,be sold at a remunerative price, 
bearing labour in mind, which must be cheap, as well as coal, of which 
a great deal is consumed. It will, therefore, be necessary not to be 
too far removed from the chief outlets for wood charcoal, that is to 
say, to be in the neighbourhood of large towns, where fuel is rather 
dear, and not to be too far removed from industrial centres, which 
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consume a large quantity. Besides, such a factory should be a certain 
distance away from dwellings on account of the fumes given off. 
Likewise, as the residual waters contain a certain amount of empy- 
reumatic products, they cannot be let flow direct into running streams 
until after passing through a filtration pit, which retains the oil and 
tars, which are collected to be burnt. 

Arrangement of the Different Buildings in a Wood Carbonisation 
Factory . — The steam boilers and their feed tanks ought to occupy a 
building in the central part of the factory, around which the other 
buildings should be grouped. It is necessary to place the engine 
room (steam engine, dynamo, water pumps) as near as possible to the 
boilers so as to shorten the steam pipes, wh’ich are a loss of heat for 



Fig. 15. — Monte-jus. * Fig. 16. — Arrangement of the 

plunger pipe of monte-jus. 

the machii^es using it. In another building, still near to the boilers 
and not far from the buildings where the distilled products are treated — 
buildings which require a deal of steam — are installed the monte -jus, 
the pumps for crude pyroligneous products, for acids and for filter 
presses (Figs. 15, l6, 17). For the type of boilers, steam engines*, 
feed pumps, etc., to select, the reader is referred to the chapter on 
tannic acid extracts. The retorts are placed in front of one of the 
faces , of the quadrilateral occupied by the factory ; the part of the 
ground where the sheds will be* installed, under which the wood is 
stacked during the season of inclement weather whilst waiting to be 
distilled, will occupy a face of the factory perpendicular to that of 
the retorts. The wood-charcoal warehouse, as well as the space 
reserved for coal, is in front of the retorts. Ordinary railways for the 
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reception of raw material and the despatch of different manufactured 
products traverse these different timber yards or sheds as well as the 
buildings. Finally, an installation of trucks on narrow tram lines 
will help in the handling of all sorts of materials. 

Store Tanks . — The water for feeding the boilers or for the con- 
densers is contained in wrought-iron or reinforced concrete tanks, fixed 
at a certain height in the factory, for instance, above the steam engines 
and pumps. As the temperature and the quality of the water for the 
condensers plays an important role, it will be necessary to use well 
water, which must not contain any substance which can attack copper 
or iron. It must neither be muddy nor too calcareous, so as to avoid 
incrustations on the coilS, which would lead to a diminished condensa- 



Fig. 17. — Filter press. 

tion. It is calculated that a factory treating up to 100 cubic metres 
per day requires, on an average, 10 cubic metres of water per stere for 
condensation (1) of the products distilled from the carbonising retorts, 
(2) of the products distilled on the separation of acetic acid and methyl 
alcohol, (3) of the products obtained by the rectification of methyl 
alcohol. To feed the steam boilers, it will be preferable to possess a 
special reservoir which will collect the condensed steam from the 
different apparatus and machines where steam condenses, as in the 
coils of pans and stills, or from the evaporation of acetate of lime as 
well as the purges from the steam engine, such water having the ad- 
vantage, like all distilled water, of containing no mineral matter. To 
the tank, which sup])lies the condensers with water, a draw-off pipe is 
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fixed for use in case of fire. Fire nozzles are installed in every build- 
ing, so as to give first aid until the main pump begins to act, which may 
be permanently erected in the pump room connecting its force pressure 
with the fire pipe. It draws the water direct from the tank, or a stream,, 
or canal. In the buildings where tars and oils are treated there 
ought to be a sufficient supply of sand, to extinguish in the beginning 
the flames of any fire that may break out. To feed the different ap- 
paratus installed in the building where the products are treated, it will 
be preferable to have feed tanks charged on the apparatus. These 
tanks, fitted with a counterpoised float, rising and falling in front of a 
graduated scale, are filled, when required, by pumps or monte- jus in- 
stalled in the same building. Finally, tanRs containing commercial 
products like methyl alcohol, acetone, etc., are grouped in a part of 
the factory far away from fire of any kind, so as to isolate them and 



Fig. 18.— Arrangement for burning the tar under the monte-jus. 

thus prevent them being set ablAze by tbe first outburst of a fire. Such 
tanks are surrounded by a small brick wall. 

Use of *rar to heat Retorts or Steam Boilers . — The tar may serve, like 
the permanent gas, to heat the retorts and the steam boilers. Two 
kinds of tar have to be dealt with: (1) the tar which separates 
mechanically from the pyroligneous distillate ; (2) the tar dissolved in 
the pyroligneous distillate, which is separated therefrom by the two- 
pan process. This latter tar, of little value, can be utilised much 
better as fuel, as its quality is Very inferior and the amount produced 
is not great, from 10 to 15 kilogrammes per stere of wood. As 
to the first sort of tar it is generally sold, especially when it is free 
from water ; but in certain districts, as there is no other outlet for it,, 
it is used as fuel. The apparatus used for burning tar are analogous to 
those in use for petroleum residues ; the tar reaches the seat of com- 
bustion by the annular space of the two concentric tubes of an injector ; 
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the steam passing through the central tube meets the tar at the ex- 
tremity of the latter, pulverises it and projects it into the furnace, 
bringing in its train, through the orifice fitted around the apparatus, 
the air required for the combustion. Two taps or valves regulate the 
steam and the tar. In certain installations the central tube of the in- 
jector is movable, and by means of an endless screw the flow of tar 
may be regulated by bringing the central tube farther forward or by 
shifting it farther back. 

Take a factory treating 110 stores of wood weighing 380 kilo- 
grammes, that is to say -11*8 metric tons per twenty-four hours. The 
products obtained resolve themselves into : — 

Table VIII. — Showing Results Obtained in a Wood Charcoal Factory. Some 
Data for Estimating Cost of Production 


1. Wood charcoal ; Total 12*1 tons 


( Large lumps, 11 tons, 
j Small lumps (waste), 1*1 tons. 


2 


Tar, 2| tons, which distilled gives - 


I Water free tar, 2-2 tons, 
t Pyroligneous acid, 0*550 ton. 


3. 


Pyroligneous acid, 17*600 tons, 
plus above 0*550 ton 


/ decomposed 
in the three- 
pan system 
( yields 


1*650 tons tar, 
13*200 tons of a 
solution of ace- 
tate of lime, 
which yields 
5*500 tons of 
wood- spirit 
phlegms, which 
when rectified 
yields 


2*640 tons 
of grey 
acetate of 
lime 80 
per cent. 

/ 0*66 ton 
I of 80 per 
i cent, crude 
wood- spirit. 


4. Gas, 8*550 tons used in heating the retorts. 


The plant consists of fourteen movable retorts, which, by making twenty 
to twenty-two charges per twenty-four hours, enables the above amount 
-of wood to be passed through them. A5 it possesses a rolling bridge, the 
hot retort is taken out of the furnace and laid on a truck to be immedi- 
-ately replaced by another freshly charged and brought in proximity to 
the spot ; the time of charging and discharging the retort does not ex- 
ceed more than eight to ten minutes on an average. Fifty workmen 
being employed in the factory, and labour costing 1*85 to 2*45 francs 
per day, brings the labour to about 2*1 francs per stere of wood. This 
price may vary with standing-still or break-down days. The lime used 
per stere conies to 0*18 franc. As to c«al consumed it is necessary to 
estimate on JOO to 105 kilogrammes per stere, which comes to 2 to 2*5 
francs, taking the price of coal as 2^ to 25 francs the ton according to 
the district in which the factory is situated. The general expenses of 
«uch a factory amount to 3*15 to 3*70 francs per stere of wood carbon- 
ised, in which it is necessary to include the interest on the capital 
-employed, which may amount to as much as 750,000 francs (say £30,000), 
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of which 400,000 francs (£l6,000) are for plant, 280,000 francs (£l 1,200) 
for purchasing wood, and the remainder as working capital. 

Treatment o f the Products obtained. — As already seen, in the descrip- 
tion of the products obtained in the carbonisation of wood, the liquid 
which flows from the condenser being at one time strongly coloured, and 
at other times pale, care is taken to cut ” the still at the moment it show& 
a pale brown colour, and a high percentage of acid as compared with the 
liquid which previously issued from the condenser, the same precaution 
being taken towards the end of the distillation, when the liquid again 
turns brown owing to the presence of a greater amount of tar. These 
products, besides their colour and percentage of acidity, which the work- 
man can determine as often as necessary by means of a solution of nor- 
mal soda, are easily recognisable by the smell. In the first stage the 
distillate, though almost free from acid and from tar, has a feeble em- 
pyreumatic odour due to the first disengagement of gas ; in the second 
stage the distillate is dark, without, however, containing, for all that, a 
large proportion of tar, and the quantity of gas produced is greater, but 
diminishes gradually thereafter, whilst as the third stage is entered the 
proportion of tar increases. Finally, in the last stage only a small 
amount of gas is disengaged, the distilled products flow drop by drop 
from the condenser, and the goose-neck cools. By means of a series of 
gutters or pipes the condensed products, according to their nature, are 
run into different reservoirs, the upper portion of which is below the 
mouth of the condenser exit pipe, so as to let the liquids flow into 
them naturally. These products, left to settle in the vats for some 
time, separate into three distinct layers, the lower layer consisting of 
tar charged with creosote oil and with acetic acid, the middle layer con- 
taining water, pyroligneous acid, wood-spirit, acetone and some tarry 
matter held in solution by the aid of the acetic acid and wood-spirit, 
finally tho upper layer, consisting of light hydrocarbides, still holding 
acetic acid in solution. The aqueous liquid is separated mechanically 
from the tars and from the heavy oils through taps placed at different 
levels ; each layer is filtered through a bed of coarse sand, from which 
they flow into different receptacles, whence they are taken up by pumps 
and pumped into special reservoirs specially retained for each of these 
three products. , 

Treatment of the Pt/roligneons Distillate. — The pyroligneous distillate, 
thus freed from the bulk of themils, is afterwards run into stills to be 
se})arated into pyroligneous acid (or one of its compounds), wood-spirit 
and tar. To effect this separation several methods are adopted. In 
some the liquid simply undergoes fractional distillation, in others the 
pyroligneous acid is neutralised by an alkali or an alkaline earth before 
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distilling it to separate the wood-spirit. P’inally in a third style of 
working the whole is distilled — water, wood-spirit and pyroligneous 
acid ; the condensed products are then collected over lime, then they 
are redistilled to separate the alcohol. 

(1) Simple Distillafion . — The vessels used to separate pyroligneous 
acid from wood-spirit are always copper ones ; generally a still is used 
of 3 metres capacity, heated by naked fire or by steam. The first por- 
tion of the distillate, containing wood-spirit, acetone, but little acetic 
acid, traverses three copper rectifying plates cooled on the outside by 
a small but calculated quantity of water. In this way a liquid rather 
rich in alcohol is obtained, which is collected in the crude alcohol tank 
so that it may afterward? undergo another treatment, which will be 
studied later on. If it be merely desired to make pyrolignite of lime 
or pyrolignite of soda, the distillation is stopped when all the wood- 
spirit has passed over, then after cooling for some time the product is 



Fig. 19.— Mixing vat for neutralising the pyroligneous acid fitted with mechanical 

agitator. 

run off through a tap in the bottom ; a mixture of water, acid and tar 
runs off first, and is collected apart, then the pyroligneous acid, which 
is run into tanks, where it is saturated by carbonate of lime«or by car- 
bonate of soda (Fig. 19)- But if it be desired to produce pyroligneous 
acid to make pyrolignite (sugar) of lead, for example, the distillation is 
continued, taking care to separate the acid liquid, which condenses, and 
to run it into another reservoir. In all cases when oily patches float on 
the condensed liquid the distillation is stopped, for nothing then re- 
mains in the still except tar, which is collected along with the other 
tar, to be treated later on, for the extraction of creosote, for instance. 

(2) DislUialion of the preiiomiy nmitralised Pproligneous Distillate . — 
In this process, employed generally in the direct manufacture of pyro- 
lignite of lime, a predetermined volume of milk of lime, calculated on 
the amount of acid to be neutralised, is run into a still fitted 
with an agitator — the acid contained in the pyroligneous distillate 
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having been titrated beforehand. After the mass has been well mixed 
and it has been made sure that the liquid is neutral to litmus paper, 
the stdl IS heated, preferably by steam, whilst the agitator is still kept 
at work. A mixture of water, methyl alcohol and acetone distils ; the 
liquid issuing from the condenser is collected, according to the stage 
the distillation has reached, in one of the two tanks reserved for 
phlegms, so as to separate the first running’s phlegms from the last 
] unning s phlegms as soon as the condensed liquid turns milky. The 
distillation is finished when a sample of the distillate, examined by 



Fig. 20.— Set of stills with mechanical agitators adapted for continuous working and 
connected with rectifying column for the distillation of the previously neutralised 
pyroligneous distillate. 

the alcoholometer, shows no more alcohol, or when a few drops of the 
sample, thrown on red-hot coal, appear to be water free from alcohol. 
The residue in the still is thei^ run into the evaporation pans, where 
it is concentrated preferably by the waste heat of the furnaces. 
When it is desired to convert pyroligneous acid into pyrolignite of 
soda, it is often separated from the wood-spirit by distilling the crude 
liquid — freed from tar — in two consecutive pans connected with each 
other ; the second pan, fitted with an agitator, contains certain amounts 
of lime and of sulphate of soda dissolved in water, the amounts being 
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determined after titrating the pyroligneous acid introduced into the 
first pan. The acid products distilled from this pan by a steam coil are 
converted in the second pan into acetate of soda, owing to the affinity 
of the sulphuric acid of the sulphate of soda for the lime, whilst the 
alcohol, acetone and their non-acid derivatives are again distilled and 
condensed. The distillation finished, the mixture from the second still 
is run into a wrought-iron reservoir, where it deposits the sulphate of 
lime produced in the process; the clear liquid is then run off and 
evaporated. In the three-pan system the pyroligneous distillate is 
heated by steam in a first still of a capacity of about 10,000 litres (say 
2,200 gallons) ; the distilled products are collected in a milk of lime 
contained in a second pai\ in which the methylic acetate is decomposed, 
forming acetate of lime, likewise also the acetic acid which bubbles into 
it. The wood-spirit again distils and afterwards passes through a milk 
of lime in a third pan, where the decomposition of the traces of methyl 
acetate which might have escaped the first reaction is terminated. 
Finally steam and methyl alcohol run into the coil of a condenser ; 
when the liquid which flows from the condenser marks zero on the 
alcoholometer the third pan is stopped and the vapour from the second 
is allowed to escape into the open air, until that from the first pan is 
no longer acid, which indicates the end of the operation. 

(3) Complete Distillation of the Pj/roligneous Distillate . — By a final ar- 
rangement connected with the above process the distillation may be 
made, so to speak, continuous. Two stilfs of 6,000 litres capacity (say 
1,320 gallons), working in turns and heated by a steam coil, are charged 
from a higher level with the pyroligneous products to be distilled. 
The still which is at work communicates with a No. 1 pan of 2,500 litres 
capacity (550 Imperial gallons) charge^ with milk of lime; No. 1 pan 
communicates with a No. 2 pan exactly similar, and which, moreover, 
is in communication with the condenser. The vapours (sj;eam, pyro- 
ligneous acid, wood-spirit, acetone, etc.) which come from the still 
charged with pyroligneous products, are led by a pipe pierced with holes 
to the bottom of No. 1, which retains the bulk of the acid products ; as 
No. 1 is also heated, a fresh distillation takes place, and the distilled 
products, still containing pyroligneous acid, now bubble into the milk 
of lime in No. 2, which should only allow acid-free substances, like 
wood-spirit and acetone, to pass through it. These are liquefied in the 
condenser, from which they pass to a special reservoir, the liquid 
collected in which then contains 30 to 40 per cent, of alcohol. From 
time to time the contents of No. 1 pan are controlled by taking a 
sample from the test tap, and as soon as the test shows a slight acidity. 
No. 1 pan is isolated by manipulating certain taps so as to put the still 
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Fro. 21.-Group Of three stills for continuous working with rectification plant for 
e complete distillation of the pyroligneous distillate. 

morite-jus are preferable to injectors, which have the defect of beinrr 
.able to beconre obstructed by the tar which remains suspended in the 
.quid and might perhaps occasion serious accidents to the distilling 
plant. In fact, the pipe which brings the pyroligrreous distlilate frorn 
the injector being obstructed, steam alone continues to pass into the 
pan until the moment when the pip*e begins to clear itself, the liquid 
suddenly runs into the pan, cools the latter, a comparative vacuum is 
foimeci, and the pan is flattened. 

pro/igaifc Y Ume. Treatme,,! of tJw Acetate of Lime Solatioa.— 

With methyl alcohol and charcoal, pyrolignite of lime is one of the 

3 
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most important products of a wood charcoal factory. Great care, there- 
fore, should be exercised in its manufacture, not only to reduce loss in 
manufacture as far as possible, but also to obtain a product rich enough 
in acetic acid (60 and even 65 per cent.), and containing at the same 
time a minimum of free lime and tarry matter, the latter giving rise to 
some difficulties in the manufacture of commercial acetic acid. That 
explains the reason why the manuhicturer is obliged to separate the 
condensed products obtained in wood charcoal manufacture into re- 
spectively : (a) pyroligneous products for grey acetate of lime manu- 
facture, and (A) pyroligneous products for brown acetate of lime 
manufacture, the amount of acetic acid in which does not exceed 
45 per cent. The solutfons of acetate of lime are allowed to stand for 
some days in wooden vats (Fig. 22), in which they separate from the 
ter and mud which they hold in suspension. The clarified solution is 
then drawn off and pumped into one of the reservoirs, feeding the 



Fig. *22. — Installation of clarifying and evaporating vats and filter press for acetate 
of lime manufacture. 


evaporating stills, whilst the muddy portion is sent to the filter presses, 
the filtrate from which is mixed with the clarified solution? The wash 
water, from washing the cakes in the filter presses, is utilised for 
making milk of lime. The 20 per cent, acetate of lime solutions 
cannot be evaporated and set aside to crystallise like an ordinary 
mineral salt ; therefore different systems of concentration are used to 
convert it into a commercial, and more especially a transportable, pro- 
duct. In some factories it is evaporated in hemispherical cast-iron pans 
heated over a naked fire ; during the whole of this operation, in conse- 
quence of the action of the air on'^certain organic matters, tarry scums 
form on the surface of the liquid, which have to be skimmed off' in order 
to facilitate evaporation. When the solution reaches 15° B. (23° Tw.), 
sp. gr. 1115, crusts of acetate of lime become attached to the sides 
of the pan. This crust must be removed to prevent the decomposition 
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of the salt by overheating. Finally, when the whole mass is sufficiently 
evaporated and has a pasty appearance, the fire is withdrawn from 
below the pan, then the drying is finished, by small quantities at a time, 
in two flat cast-iron pans continuously heated by the same furnace. In 
these pans the salt is constantly stirred by an iron spatula to avoid all de- 
composition. The acetate of lime undergoes preliminary drying in the 
pan farthest from the fire, then it is placed in that directly over 
the fire, where the drying is finished, whilst the first pan is refilled 
with paste in order to start a fresh charge. Certain manufacturers 
prefer to lift the crystalline crusts, which form in the evaporation of 
acetate of lime solutions, by a shovel. These crusts are laid to drain in 
a basket placed above the pan, to be afterwards dried and piled on a 
cast-iron sole-plate, heated by the waste heat of the distillation fur- 
naces. In this process, pending the final drying, which takes place in 
the hottest part of the stove, care is taken to stir the acetate continu- 



Fig. 23. — Steam- jacketed pan for evaporating 
solutions of acetate of lime. 


Fig. 24. — Steam-jacketed pan for 
evaporating solutions of acetate 
of lime, section. 


ally by means of special appliances, so as to crush the salt and to pre- 
vent it from agglomerating on the side of the pan. In another process 
the pans are* arranged in ascending order directly over a fire ; the one 
farthest away is used to concentrate the acetate of lime, whilst the 
pans nearer the fire dry the salt completely. This plan, which needs 
much room and does not sufficiently prevent the decomposition of the 
acetate of lime, is often modified by the use of steam-heated, jacketed, 
copper or wrought -iron flat pans of 2,000 litres (440 gallons) capacity 
(Fig. 23). Steam coils do not suil this class of evaporating pan, for they 
render the stirring of the mass difficult, especially when the pellicles 
of acetate of lime begin to form. Round, wrought-iron or rectangular 
pans with cast-iron bottoms and coils (Figs. 24, 25, 26), issuing from 
the cast-iron bottom, are likewise successfully employed. 

The evaporation of the solution of acetate of lime in this kind of 
pan goes on comparatively quickly up to 40 per cent, using ordinary 
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steam, but it is then necessary to stir the mass with mechanical agi- 
tators ; for that purpose small pans requiring less power, because the 
mass to be set in motion has less bulk, will be chosen in preference to 
large pans, which require a greater expenditure of steam, not only to 
drive the mixer but to finish drying. It is better not to complete the 
desiccation in these pans. When the acetate of lime turns brown 
and becomes pasty between the fingers without adhering, it is dried 
completely by projecting it on to cast-iron plates heated to redness by 
the gases from the furnaces of the wood charcoal retorts. Acetate of 
lime may also be drained in the concentrated pasty condition in stoves, 
heated by a current of hot air, the circulation of which is facilitated by 



Fig. 25.— Shallow pan heated by coil for evaporating taceate of line. 



Fig. 26. — Shallow pan heated by coil for evaporating acetate of lime, 
fans, or the acetate of lime may be spread in thin layers on wrought- 
iron plates heated by a special furnace, the gases from which circulate 
in winding flues. By this process the still moist acetate of lime, being 
placed above the furnace itself to jivoid overheating, winds round 
with the flues so as to give to these torrefiers the form of a gridiron. 
The torrefaction is intended in the first place to eliminate the last 
trace of water, so as to get an SO per cent, acetate ; in the second 
place it removes the volatile tar oils, which, unless this were done, 
would impart a dark brown colour and empyreumatic odour to the 
acetate of lime. As soon as the acetate of lime has assumed its grey 
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colour and is easily reduced to powder between the teeth, torrefaction 
is complete ; the product is then ground to small lumps by means of a 
hand roller which crushes it. The installation of a mechanical drier 
(Fig. 27) in the form of a drum, requiring so to speak but little labour, 
has the advantage of yielding a more uniform product without waste, 
due to the carrying away by the air of dust formed during drying. 
The acetate of lime to be torrefied is led into the drum by the ex- 
tremity opposite to that by which the hot air enters, and is put in 
motion by a helix, which moves in a cylinder surrounded by hot air. 
As it issues the acetate of lime goes up the cups to a floor above, into 
a sort of wooden bin, from which it is bagged up into sacks of 50 and 70 
kilogrammes (110 and 154 lb.). This acetate of lime resembles the 
grey acetate of lime of commerce; it contains about 10 percent, of 
water, a maximum of 84 per cent, of pure acetate of lime and 6 per 



Fio. 27. — Drum drier for acetate of lime. 


cent, of foreign bodies: tar, lime, carbonate of lime, etc. Of the 10 
per cent., 4 to 6 per cent, may be eliminated at 150° C. (302° F.), and 
the remainder at a higher temperature, but there is no advantage in 
exceeding an acetate content of 80 to 82 per cent., because it would 
be at the expense of the yield ; this product commencing to decompose 
at 150° C. (302° F.). 

Brown Acetate of Lime . — This salt is obtained by saturating the 
dark brown pyroligneous disfillate from wood by lime. As the 
liquid contains dissolved tar, it follows that the brown acetate so ob- 
tained has a much lower acetate of lime content (only 45 per cent.) 
than the grey acetate. This acetate, being less easily decomposed by 
mineral acids than the grey acetate, it follows that the value of the 
acetic acid made from it is less than that of the acetic acid made from 
grey acetate. 


CHAPTER III 


THE ACETIC ACID INDUSTRY 

Acelic Acid from Acetate of Soda. — Formerly acetic acid was made 
by wood distillers ; they first converted the acetate of lime into acetate 
of soda, as previously indicated, or prepared acetate of soda directly 
from the pyroligneous distillate and carbonate of soda. The soda solu- 
tion was concentrated so as to obtain crystallised acetate of soda, which 
was separated from the mother liquors. This })urified salt, known in 
commerce as ^^red salt,” on account of the traces of tar and the higher 
homologues of acetic acid which it contained, was decomposed by 
sulphuric acid and yielded a liquid testing 50 per cent, of acetic acid. 
This product, on account of the empyreumatic bodies which it contained, 
could not be used as an ingredient of food. To obtain the acid in a 
more pure state, the red salt ” was fused in its water of crystallisation, by 
heating the product to igneous fusion ; the butyrates and propionates 
were thus decomposed ; then the acetate of soda was taken up by 
water and again crystallised. By a new fusion of the salt, followed by 
a fresh crystallisation, a chemically pure salt was obtained, from which 
acetic acid was extracted by decomposition by sulphuric acid. It was 
only the progress made in another industry — the alcohol industry — 
which led manufacturers to produce "dilferent cjualities of acetic acid 
capable of being used in certain industries. At the present day com- 
mercial acetic acid, termed acetic acid for industrial purposes {acide 
ace'iique des a/is), the greatest outlets for which are verdigris, chrome 
yellow, white lead, aniline, etc., is prepared from acetate of lime, the 
presence of certain organic matters which accompany it having no 
very bad effect. 

Acetic Acid from Acetate of Lime. — Two mineral acids are used to 
decompose the acetate of lime : (1) cohimercial hydrochloric acid ; (2) 
commercial sulphuric acid of 60° to 66° B. (142° to l68°Tw.), sp. gr. 1’715 
to 1'84, The two processes are boih used, and the selection of either 
depends on the quality of acid desired and the circumstances in which 
the manufacturer is placed : purchase of raw materials, outlet for 
acetic acid produced, etc. In fact, according to the products which 
it is desired to manufacture, the following strengths and grades are 

( 38 ) 
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required: (1) commercial acetic acid of 38, 60 or 75 per cent. ; (2) concen- 
trated commercial acetic acid of 85 to 100 per cent. ; (3) fine tasted 
acetic acid (acide acetique hon gout) for dietetic purposes, free from 
metallic compounds and empyreumatic products ; (4) chemically pure 
acetic acid of Q6 to 100 per cent. For the production of industrial 
acid, the commercial hydrochloric acid process is preferred, being much 
more economical than the sulphuric acid process, which always requires 
mechanical agitators. 

(1) Hydrochloric Acid /Vocm-.— The manufacture of acetic acid by 
hydrochloric acid may be carried out in two ways : the first, which is 
the oldest and still the most used, was discovered almost simultane- 
ously by Winkel and Christi. It consists in mixing hydrochloric acid 
with the acetate of lime, and allowing the products of the reaction 
to settle for twelve hours. Wooden vats or pits built of masonry 
and fitted with an agitator may be used. For 100 kilogrammes (220 
lb.) of acetate of lime, there is used, according to its acetic acid content, 
from 95 to 115 litres (20 9 to 25*3 gallons) of hydrochloric acid of 20° 
to 21° B. (32° to 34° Tw.), sp. gr. I*l6 to 117. The acetate of lime 
being in the vat, the acid is run on to it and the whole stirred until 
it is completely fluid ; it is then left to stand for several hours. A 
certain amount of tarry matter separates, which rises to the surface 
of the liquid and is removed by a large skimmer. The solution of 
chloride of calcium formed in the acetic acid, of a density of 1 -250, is 
then run into a still, consisting of a copper pan heated by naked fire 
or by an open steam pipe and a closed steam coil, which are fitted up 
in its interior. This apparatus is in communication, by a rather wide 
pipe, with a copper or, better still, a tin condenser. 

If heating be done by steam, distillation is commenced by passing 
waste steam from the pumps or the engines through the coil ; about 
50 per cent, of the product is distilled in that way ; then direct steam 
is turned on through the blow-up ” pipe ; the steam carries over the 
rest of the acetic acid, and leaves in the still an aqueous solution of 
chloride of calcium and tarry matter, rendered insoluble in consequence 
of the departure of the acetic acid. This residue is then run out 
through a pipe situated in the lower part of the apparatus. The 
acetic acid obtained by this process titrates from 40 to 45 per cent, 
and may be used for many purposes ; but when intended for certain 
industries which require it free ffom chlorine, it has to be redistilled 
with lime (the amount of which has been determined from the titra- 
tion of the chlorine as silver chloride). This operation is conducted 
in a pan similar to the foregoing, but capable of being heated by a 
steam jacket. As the products which distil in the beginning and 



40 


THE DISTILLATION OF WOOD 


at the end of the operation are milky, from the empyreuraatic oils 
which they hold in suspension, they are separated from the middle 
runnings and allowed to stand ; after running off the oils, which float 
to the top, the acid is mixed with the products to be rectified in a 
fresh operation. By the distillation of 100 kilogrammes of 82 per 
cent, acetate of lime, 60 kilogrammes of acetic acid of 100 per cent, 
strength should be obtained, but this result is never realised, because 
the solution of chloride of calcium always retains a little acetic acid, 
the cost of extraction of which' would exceed its value. When 85 to 100 
per cent, acid is desired, a copper rectifying column (Fig. 28) consisting 
of a cylindrical pan of about 8 mm. (say | of an inch) thick, with an 
average capacity of 8,000 litres (660 gallons) and heated by a steam 



Fift, 2S. — Plant for the continuous manufacture of commercial acetic acid of 85 to 
100 per cent. stren;.,^th. 

coil is used. The column is similar to that of an ordinary alcohol 
rectifier, in which copper plates are replaced by porcelain or earthen- 
ware plates. The strength of the acid as it issues from this column is 
higher the weaker the current of water which circulates on the plates, 
and, as it is generally desired to obtain the crystallisable acid, not 
because it is more valuable but because it is more pure (the presence 
of the vapour of water in the distillation aids in the carrying away of 
propionic and butyric acids), the flow of water on the plates should be 
regulated so as to collect, after som^ time, crystallisable acid of 9b per 
cent, strength : 100 lb. of 45 percent, acid yield on rectification 25 to 
30 per cent, of 96 per cent, acid, and 75 to 80 per cent, of 20 per cent, 
acid. The distillation of acetic acid in solution with chloride of 
calcium may be carried out continuously according to Boessneck's 
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process. The solution, previously warmed in a copper pan, flows in a 
continuous manner on to the top part of a column apparatus. As 
it falls from plate to plate, the acetic acid separates and passes into a 
condenser, where it is liquefied, whilst a solution of calcium chloride 
flows away from the bottom of the column. The strength of the acid 
obtained in this way is 45 to 50 per cent, and is of sufficient purity. 

(2) Sulphunc Acid Process, — In this process the plant employed is alto- 
gether different from the preceding, because mechanical mixers, which 
were not required for the distillation of the mixture of acetate of lime 
and hydrochloric acid, which always remains fluid, become indispens- 
able by the use of sulphuric acid which yields an almost solid mass 
with acetate of lime. Another peculiarity of this process is that sul- 
phuric acid, acting in an aqueous medium, gives rise to secondary reac- 
tions ; in fact, owing to the heat disengaged, but still more to the 
heat radiated from the masonry surrounding the pan, since it is heated 
by naked fire, sulphurous acid (arising from the action of the sulphuric 
acid on the tars) is generated ; moreover, the oils present in the pyro- 
lignite of lime distil with the acetic acid. The crude acetic acid ob- 
tained by the use of sulphuric acid is, therefore, more impure than 
that made by the aid of hydrochloric acid, but it has the benefit of 
being more concentrated, and that is readily understood, because if it 
be taken that 100 lb. of pyrolignite of lime still contains 10 per cent, 
of water for S6 per cent, of pure acetate of lime, and that the 60 lb. of 
sulphuric acid, theoretically necessary, brings 7 per cent, of water, about 
70 lb. of 85 per cent, acid should be collected, but this result is never 
obtained, especially in using distillation with access of air by direct 
heat, and still less if only the theoretical amount of sulphuric acid 
be made to intervene. In fact* to prevent the acetate of lime from 
being attacked by the sulphuric acid and thus converted into acetone, 
an excess of 8 to 10 lb. of sulphuric acid per 100 lb. of lime should be 
added to replace the acid which is converted by the tar into sulphur- 
ous acid, as already mentioned. The acetic acid obtained, termed 
acide acetiqiie des arts (commercial acetic acid), only tests about 75 per 
cent., because it contains not only the water brought by the sulphuric 
acid and the pyrolignite, but also that coming from the reduction of 
the sulphuric acid by the tar. t 

Merits and Defects of the two Processes. — Besides the difference in 
the acetic acid content of the proflucts got by the two processes, that 
by hydrochloric acid yielding 45 to 50 per cent, instead of 75 per cent, 
by the second, it is to be noted that the sulphuric acid process entails 
a larger consumption of fuel, owing to the power required to drive the 
mixers, without taking into account that the proportion of sulphuric 
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acid required is greater than theory, and that that is not the case as 
far as the hydrochloric acid process is concerned. On the other hand, 
the weight of raw materials with which the vessels are charged must 
be less in the second process than in the first, hence increase in manu- 
factoring expenses, and again, after the distillation of the acetic acid 
produced by the decomposition of pyrolignite by hydrochloric acid, a 
fresh distillation of the acetic acid may be necessary to get a product 
free from mineral acid. Putting the above drawbacks of the sulphuric 
acid process to one side, it has an advantage which is not unimportant 
if residuals must be taken into account ; in fact, chloride of calcium is 
a product which, beyond its minimum use for freezing mixtures for 
cold-storage installations, becomes a cumbersome liquid if authority 



under atmospheric pressure. 

cannot be got to run it into a running stream, while sulphate of lime 
can be spread on arable land poor in lime.^ It follows from these con- 
siderations that when it is a question of producing industrial acetic 
acid it may be preferable to use sulphuric acid. The plant used for 
the manufacture of acetic acid, by the decomposition of pyrolignite of 
lime by means of sulphuric acid, consists of a flat cast-iron pan heated 
by a naked fire (Fig. 29), This psyi, built into the masonry of the 

iBut in London, for instance, residual sulphate of lime has to be barged out to 
sea and discharged beyond reach of tide, whilst possibly no objection would be 
taken to running the calcium chloride into the Thames. There is some possibility 
of an outlet for calcium chloride as a dust preventive for roads if the objections of 
the proprietors of river and lake fisheries do not stop its use.— D. G. 
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furnace, has a pipe in its bottom through which the residue may be 
evacuated when the operation is finished. An agitator with blades 
keeps the mass in motion from the commencement of charging, first 
with pyrol ignite of lime, then with sulphuric acid, until the operation 
is terminated. The acetic acid distilled, after having traversed a dust 
chamber, passes to a condenser, where it is condensed. 

Van der Lindens Process . — This process (French patent ^4-8,056, 10th 
January, 1 895, with certificate of addition of 14th April, 1896 ; German 
patent 92,418, class 12, deposited the 29th November, 1894) is a very 
ingenious modification of the manufacture of acetic acid from pyrolig- 
nite of lime or other acetate and sulphuric acid (Figs. 30, 31 and 31a). 



Fig. 30.— Appuratus for the manufacture of acetic acid bv Van der Linden’s process. 

|The distillation is conducted under reduced pressure, and a steam 
heat may be used instead of a fire underneath the pot. Under the action 
of the vacuum the acetic acid distils at a lower temperature, the advan- 
tage of which is that (1) secondary products due to the action of the sul- 
phuric acid on the oils or tar5» in admixture with the pyroacetate of 
lime are avoided ; (2) a less amount of sulphuric acid suffices than when 
distillation is conducted under tlfe ordinary atmospheric pressure, an 
amount which approaches the theoretical amount of sulphuric acid 
required for a complete reaction. The acetic acid is therefore more 
pure, since it contains no empyreumatic products. Moreover, capacious 
vessels may be used, capable of treating rather heavy mixings, as in 
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the hydrochloric acid process, for example, and also of treating either 
brown or grey pyrolignite of lime. 

Behrens P/wm.— Consists in mixing pyrolignite of lime with acetic 
acid and then treating the mixture with sulphuric acid. It is thus 
possible, by diluting the mass, to use only the theoretical amount of 
sulphuric acid required to decompose the acetate without producing 
secondarj' reactions. One part of acetate oflimeof 81 per cent, strength 
IS stirred into 1 part of acetic acid, then the theoretical quantity of 
sulphuric acid is added, say 0'5.5 part of 92 per cent, monohydrated 



Fig. 81. Appaiatus for the manufacture of acetic acid by Van der Linden’s process, 

cross section. 

acid. The mass having been well mixed, it is passed through a filter 
press ; the liquid which flows away is acetic acid, sufficiently concentrated 
to be used in the manufacture of glacial acetic acid ; as to the residue 
it is gypsum. 

Installation of an Acetic Acid Factory, Description of a Factory treating 
Pyrolignite of Lime by Sulphuric Acid and afterwards Rectifying the Acid 
Product obtained. Such a factory will be situated at a certain distance 
from inhabited houses, so as not to incommode the neighbours by the 
strong smell given off by the residuals as they are being discharged. 
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The pans used for making commercial acetic acid are cast-iron ones. 
They are fitted with an agitator, and are heated by masonry furnaces or 
by steam ; in the first case, so as to ensure uniform heating, the dimen- 
sions of the pans are calculated so as to treat 500 kilogrammes (say 
ton) of pyrolignite of lime ; whilst, in the second case, pans taking a 
charge up to 1,500 kilogrammes (say l^tons) may be used. There is a 
manhole in the top of the pan, through which the pyrolignite of lime is 
fed. Above the decomposing pans is a floor, which serves as a reservoir 
for the acetate of lime received in sacks of 50 to 70 kilogrammes (110 to 



Fig. 31a. — Apparatus for the manufacture of acetic acid by Van der Linden’s 
process, vertical section. 


1 54 lb.). The pans are directly charged with pyrolignite, by shooting the 
contents of the sacks through openings in the floor, by the help of 
wooden hoppers. The pan being charged with acetate, the manhole 
is closed, and the agitator set in motion (Figs. 30 and 31) ; then, through 
a lead pipe, the sulphuric acid, contained in a lead-lined gauge tank, 
fixed and charged on the apparatus, is run in. The flow of sulphuric acid 
should be gentle, so as to get a very intimate mixture, and thus avoid 
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the formation of blocks, which might cause the mixer to stick. Soon 
after the sulphuric acid reaches the mass it begins to heat, the acetic 
acid begins to distil, even with a somewhat low fire, which is kept up 
for some time after having run in the sulphuric acid. Next to the pan 
is an apparatus called a dust compartment, 60 cm. wide by 1*3 
metres deep (23*4 x 51*7 inches), placed on a floor at a level above the 
pan, so that the products w'hich condense therein may fall back into the 
distilling apparatus. This dust chamber is made of lead, lined inside 
with large earthenware pipes, which protect the lead from the action 
of the acetic acid. From thence the vapours pass through a tin goose- 
neck to the condenser, consisting of a copper (or better, a tin) coil, laid 
in a wrought-iron tank, in which cold water circulates. The condensed 
acetic acid flows into a drum, of the same metal as the coil, surmounted 
by a pipe, which leads the condensed products to the chimney, whilst 
the liquid is siphoned into the reservoirs, passing through a sort of tin 
case through which all the liquid distillates from the pans pass, so that 
the liquid being distilled from each pan, the working of which has to 
be supervised, can be inspected at any moment. An operation lasts 
about seven hours. In the V^an der Linden process, the acetic acid from 
the condenser flows into a glass flask, then into a tin pipe, which 
leads it into earthenware reservoirs similar to those used in the manu- 
facture of nitric acid, the bottoms of which communicate with each 
other by a pipe, on which a gauge glass is fixed, by a T-piece, which is also 
in communication with the upper part ot* the condenser, as the con- 
densation, like the distillation, takes place under reduced pressure. 
Two others of the upper pipes of the series of condensers are branched ; 
on one pipe the branch connects with the vacuum pump, and on the 
other with the vacuum indicator, which is preceded by a short-necked 
bottle containing crystallised carbonate of soda, so as to preserve the 
metallic parts from the action of the acetic acid. The vacuum is 
brought to bear on the condenser by a series of earthenware taps, and 
through that also on the distilling pan itself. In the same way, the 
condensers may be isolated, if need be, as at the end of the operation, 
to re-establish atmospheric pressure inside the pan, or in the condensers 
when it is desired to extract the acetic acid. Between the earthenware 
condensers and the vacuum pump, scru|>bers are fixed, consisting of at 
least two cast-iron columns 70 cm. (say 27f inches) in diameter by 3 
metres (say 10 feet) high (Fig. 32), in which are wooden or earthen- 
ware plates, supporting wood fibre moistened with a solution of carbon- 
ate of soda of 10° B. (15° Tw.), sp. gr. 1 075 ; that solution is introduced 
by the vacuum to the top part of the column, and as to the wash liquor 
from these scrubbers, as it contains acetate of soda, it is used in the 
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manufacture of that salt. As soon as all the sulphuric acid has been 
charged into the still, the disengagement of acetic acid slackens ; the 
mass must therefore be heated for the acid to distil in a continuous 
stream, until the operation is terminated, a point which may be ascer- 
tained by the amount of acetic acid condensed, and by the flow from 



Fig. 32. — \yash column scrubber for the condensation of acetic acid vapours. 

the condenser only dripping int® the glass flask drop by drop. The 
fire is then banked up with ashes, steam is turned off, the manhole 
above the bottom of the apparatus is opened, still keeping the mixer 
at work, so as to run out the sulphate of lime into a gutter common to 
all the mixers, in which an archimedean screw revolves, which carries 
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the residues into a close chamber, where they cool for several hours, 
so as to avoid (especially near dwellings) the disengagement of bad 
smells due to empyreumatic products and to the acetic acid which re- 
mains in the free part of the apparatus as far as the condensers. The 
condensed acetic acid is propelled, either by a monte-jus, or by a 
rotary bronze pump, into different wooden reservoirs. In some of 
these it is brought, by the addition of water, to the commercial strengths 
(30° = 28 per cent. ; 40° = 38 per cent. ; 60° = 5f) per cent. ; 70° = 0*5 per 
cent. ; 80° = 75 per cent. ; 85° =-80 percent.— all approximately). From 
these reservoirs, the acetic acid is drawn into wooden casks for delivering 
to the different trades who utilise it. Other reservoirs are used to 
feed the acetic acid rectification plant. 

Rectification of Acetic Acid . — The object of this operation is to pro- 
duce acetic acid free from sulphuric acid and of a still greater strength 
than that obtained in the manufacture of acetic acid by sulphuric acid. 
The apparatus used is a column rectifier, similar to tliat used in alcohol 
distillation. It consists, in fact, of a horizontal copper pan (this metal 
protected from air being one of the least attackable by organic acids) 
of a capacity of 3,000 to 5,000 litres (say 6*60 to 1,100 gallons). One of 
the bottoms is readily removed, so that repairs can be easily executed, 
if need be, say to the steam coil by which the plant is heated. A ver- 
tical jacketed pan is also used in the rectification of acetic acid, but 
it requires to be constructed in quite a special manner, so as to be 
easily repaired. Its lid has a disengagement pipe in the centre and a 
manhole for cleaning the apparatus (Fig. 33). The column which forms 
the continuation of the copper pan is likewise of that metal, but with 
porcelain or earthenware plates, which, as must be understood, are more 
resistant than CQpper. The coil of tlie^ condenser is sometimes also of 
porcelain, but, as it is very fragile, it has to be fixed with the greatest 
of care. Cast-iron pans, the price of which is about the same as 
copper ones, are not to be recommended, because they are difficult to 
repair, and when worn out they are worth nothing, as compared with 
copper pans, which, if they are not usable, may still be sold by weight. 
As soon as the acid is run into the pan heat is applied slowly, so 
as to let such gases as sulphurous acid escape at the beginning. Then 
the steam in the coil is increased up ty the moment when the acid 
vapours, passing into the column, begin to liquefy at the condenser. 
The heat applied to the pan and the water run on to the column, 
are then regulated by the strength of the acetic acid which it is desired 
to obtain. The first portions distilled contain the acetonic, methylic 
and sulphurous acid products, which are collected apart, and when the 
acetic acid, which condenses, titrates 96 per cent., it is collected in 
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the crystallisable acid reservoir. However, as the acetic acid obtained 
by this operation still contains empyreumatic products and traces of 
copper, if a more pure acid be required, it must be rectified once more, 
or it must be purified by the use of permanganate of lime in solution, 
which is made to act on the acetic acid contained in earthenware tanks. 
This treatment by permanganate is followed by fresh distillation in a 
copper pan, heated by a steam coil, the distilled products being con- 
densed in an earthenware or in a silver coil, the latter being dearer 
and much less fragile. The residue from the rectification plant, of a 



more or less dark colour, consists in great part of acetic acid (along with 
which there occur the homologous acids contained in the acetate of 
lime) and tars ; these residues are led into a reservoir, where they are 
allowed to settle, so as to separate the acid which they still contain, 
which then undergoes further treatment. So as to prevent the entrance 
of too much air into the apparatus, the emptying of the rectifier should 
be done as rapidly as possible, without letting it cool too much before 
a fresh charge. In the installation of an acetic acid factory the wooden 
vats are located in a building adjacent to that in which the acetate of 
lime is decomposed and the acetic acid rectified ; the piping of these 

4 
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vats is of till or copper according to the quality of the acid con- 
veyed therein. Finally, in winter care is taken so to heat this building 
that the crystallisable acid does not solidify. In addition to the differ- 
ent working departments, a building must be reserved for the engines, 
in which a dynamo for electric light is installed. An acetic acid factory, 
by the sulphuric acid process without a vacuum, producing about half 
commercial acid and half pure acid, expends about 250 kilogrammes 
(550 lb.) of coal per ton of pyrolignite of lime treated. 

Glacial Acetic Acid. — Besides the crystallisable, i.e., glacial, acid de- 
scribed in the previous chapter, this product may also be obtained by 
one of the following processes: (l) The oldest, but the least used at 
the present day, consists in decomposing fused acetate of soda by sul- 
phuric acid (l68° Tw.), then repeatedly crystallising and distilling 
the product so obtained, to free it from the water which it still con- 
tains ; (2) the second process, termed Melsen’s, is based on the pro- 
perty which neutral acetate of potash has, of combining with an 
equivalent of acetic acid to form a diacetate ; that salt, when heated, 
abandons the water which it contains ; it melts at about 148° C. (298 '4° 
F.), giving off a little glacial acetic acid and boiling at 200° C. (892° F.) 
with decomposition and production of glacial acetic acid. During this 
distillation, as the temperature increases, care must be taken not to 
exceed 800° C. (572° R), so as to avoid the formation of empyreumatic 
bodies. Practically the potassium acetate is crushed and introduced 
into a still, where an excess of S5 per cent, acetic acid is added to form 
the diacetate ; the mixture is left to stand for some time and is 
then distilled. The vapours disengaged are then condensed in a silver 
coil. The first portions, which still contain too much water to be 
crystallisable, and which are used for. the preparation of pure acetates, 
are collected apart ; the acetic acid, which is then collected, is again 
distilled over neutral acetate of potash, then frozen and drained. By a 
final rectification, the acetic acid, which still dissolves essence of lemon 
(this product having the remarkable property of being slightly soluble 
in monohydrated acetic acid still containing some traces of water), is 
separated in a few minutes from the crystallisable (glacial) acetic acid. 

Edible Acetic Acid (Acide ace'tique bon gout ), — This product is ob- 
tained by means of acetate of soda and sulphuric acid 66° B. (l68° 
Tw.), sp. gr. 1*840. One molecule of acetate of soda and two mole- 
cules of sulphuric acid are mixed in a copper still. This proportion 
yields bisulphate of soda as a residue, which can easily be run out of the 
still without fear of overheating, if naked fire heat be used, because 
the mass remains liquid until all the acetic acid is distilled. The soda 
salt used is that from the second crystallisation, simply passed through 
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the centrifugal in which it is washed. The sulphuric acid is run 
into the acetate of soda, and it is left to digest for some hours. The 
distillation is conducted over a naked fire or by steam at the atmos- 
pheric pressure, or in vacuo (Fig. 34) ; the concentrated acid distils 
fii*st, whilst the water retained by the bisulphate of soda does not 
distil until towards the end, with the last traces of acid, which are 
collected apart for the preparation of certain acetates or for edible pur- 
poses. However, for this latter purpose the acetic acid must be puri- 
fied from the impurities which it contains, such as hydrochloric acid 
or sulphuric acid, empyreumatic matters, acetate of copper, etc. For 
that purpose it is rectified in a steam-heated still (Fig. 35), over acetate 
of soda or acetate of lime, to retain mineral acids, or better, over red 
lead, which retains sulphurous acid as lead sulphate and decomposes the 



Fig. 34. — Plant for manufacturing edible acetic acid hen goilt with distillation 

in vacuo. 


empyreumatic matters by oxidation due to the peroxide of lead liberated 
by the acetic acid. The first products, collected in a silver condenser, 
being very weak, are intended for culinary uses ; the strong acid which 
comes over afterwards is used in the preparation of the crystallisable 
acid. So as to correct the peculiar taste which acetic acid always 
retains, a small quantity of alcohpl is added to that intended for edible 
purposes. The alcohol gradually etherifies and yields ethyl acetate, the 
more agreeable odour of which conjmunicates a perfume to the acetic 
acid which causes it to resemble ordinary vinegar. Finally, when it 
is desired to produce a product quite exempt from foreign taste, as it 
should be for the preparation of table vinegar, the Mollerat process, 
which consists in preparing acetic acid by the cold method, is used. 

Mollerat* s Process . — One part of sulphuric acid is mixed with three 
parts of acetate of soda (in small white crystals obtained by crystallisa- 
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tion in motion) in a wooden vat fitted with a perforated false bottom 
and a wooden agitator. The mass is then allowed to stand for twelve 
hours, so as to give the sulphuric acid time to quite replace the acetic acid. 
The sulphate of soda, owing to its slight solubility in the cold, crystallises 
on the false bottom. The acetic acid is then separated by running it 
out through a tap below the false bottom, and when the sulphate of 
soda is well drained, it is mixed with a little water ; afterwards a fresh 
quantity of acetic acid is drawn off, containing a little more sodium 
sulphate than the first, to which it is added. The acetic acid obtained 
is separated from the greater part of the sulphate of soda which it con- 
tains, by placing it to cool for eight to ten days in earthenware pots 



Fig. 35.— Plant for the manufacture of commercial acetic acid and chemically pure 

acetic acid. 

of 50 litres (say 1 1 gallons) capacity, arranged in a tank round which 
water as cold as possible circulates. The acid is then decanted and 
completely purified by mixing it in a vat with a paste of pure acetate 
of lime, in sufficient amount to decompose the sulphate of soda which 
it contains ; the sulphate of lime thus formed is gradually deposited. 
The clear acetic acid is finally draVn off and diluted to bring it to a 
suitable strength for consumption ; it still retains traces of acetate of 
soda which have escaped the reaction, but that is no inconvenience. 
This acetic acid replaces vinegar in all cases where the taste of that 
obtained by distillation cannot be masked. 
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Anhydrous Acetic Acid, — The manufacture of this product belongs 
rather to the laboratory. Only a sketch of the different methods of 
preparing it will be given. ( 1 ) By the action of oxychloride of phos- 
phorus on acetate of potash. — The oxychloride is run on to the fused 
acetate of potash drop by drop ; the reaction is very energetic, though 
completely effected in the cold. Acetylic chloride is first produced, 
which, acting on the excess of acetate of potash, yields acetic an- 
hydride — 

3C2H3O2K + POCI3 = 3C2H3OCI + PO4K3 

C 2 H 3 OCI + C 2 H 3 O 2 K = KCl + (C2H30)^0 
The acetic anhydride is distilled three or four times over acetate of 
potash, then the product is rectified alone, rejecting what passes over 
before 137*5° C. ( 2 ) By the action of benzoyl chloride on acetate of 
potash. — Potassium chloride and benzoyl acetate are first formed, but 
the latter, at the temperature at which this decomposition takes place, 
splits up into acetic anhydride and benzoic anhydride — 

C^HjOCl + C^HgO.K = KCl + c^h^o}® 

~ (aHjoJ O) = (C^HaO)-^© + {C,HpyO 

which are separated by distillation. (3) By the action of oxychloride of 
carbon on acetate of soda. — In a cast-iron cylinder, fitted with an agitator, 
pulverised acetate of soda is Ijeated to about 140° C. (284° F.) without 
exceeding that temperature, because acetone might be produced, then 
a current of oxychloride of carbon is passed over the acetate of soda ; 
acetic anhydride is disengaged which condenses and is afterwards sub- 
jected to fractional distillation. 

Jl ood-Spirit. Methyl Alcohok — The wood-spirit, as it is obtained 
after having separated it from the acetic acid in the distillation over 
lime, is brought to 25 to 30 alcoholometric degrees, by redistilling 
it in a pan heated by a coil. The vapours are liquefied in a condenser, 
and when the product which flows away falls below 25° G.L. it is run 
back into a phlegm reservoir until about half the volume contained in 
the pan has been distilled. The wood-spirit of 25° to 30° G.L. is then 
rectified over slaked lime, so as to bring it to 90 ° to 95° G.L. This 
product, according to its percentage of oils, is more or less miscible with 
water ; in most cases it becomes turbid on the addition of water, because 
it contains neutral organic bodiesTor those which do not exhibit acid 
properties, the boiling point of which is in proximity to that of methyl 
alcohol itself. This alcohol, being too impure for the great majority of 
commercial purposes, is redistilled, so as to obtain a raethylic alcohol 
just pure enough for the purposes for which it is to be used in industry. 
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The apparatus, still somewhat used in certain factories, the description 
of which is borrowed from Ch. VincenTs Carbonisation des Bois en Vase 
Clos, consists of three distinct parts : (1) of a copper or wrought-iron 
pan of 2,000 to 6,000 litres (say 440 to 1,320 gallons) heated on a naked 
fire (Fig. 36), or by a steam coil (Fig. 37). (2) Of the rectifying column, 
which consists of three lenticular plates (Fig. 36), or a copper receiver, 
in which the goose-neck terminates (Fig. 37), surmounted by six trunks 
of the same shape supporting lenticular plates, which compel the vapours 
to pass along the sides of each of the trunks connected between each 
other by a central pipe. The top of each trunk is in the form of a 
basin, in which water brought by a tap, the flow of which is regulated 
on the top plate, circulates ; the water afterwards flows on to each 



Fio. 36.— Still for the distillation by naked fire of wood-spirit for French excise 
purposes {des methylenes Regies). 

of the lower plates through a small pipe running from the bottom of 
the basin ; from the bottom of the lower receiver a pipe starts which 
returns the products condensed in the rectifier to the pan. (3) Of a 
coil to condense the vapours issuing from the apparatus. In contact 
with the multiple cooling surfaces of Jthe column, the mixture of al- 
coholic and aqueous vapours is cooled. Owing to difference in boiling 
points there is a more abundant condensation of aqueous vapours than 
of alcoholic vapours, which causes an increase in the alcoholic strength 
of the vapour, as occurs in the glass column in the laboratory. In 
fact, the liquid condensed in the top of the column, having a tempera- 
ture of about 66° C. (150-8° F.), approaching the boiling point of methylic 
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alcohol, meets as it descends the current of vapour from the pan, 
which in its turn volatilises the alcohol condensed by the water in 
the top plates, whilst at the same time it reduces a corresponding 
amount of water to the liquid state. It follows tliat with a column 
of six trunks of 50 cm. (say 19*5 inches) in diameter, 95 per cent, 
alcohol can be produced in one operation, starting with 30 per cent, 
phlegms. In addition to methyl alcohol, the product thus obtained 
contains acetone, ethyl aldehyde, formic aldehyde, allyl alcohol, a 
small quantity of methyl acetic ether (methyl acetate) which has escaped 



Fig. 37. — Steam-heated still for the distillation of wood-spirit. 

the slaked lime and certain hydrocarbides, which cause it to become 
milky when water is added to«it. With these impurities it suits per- 
fectly for certain uses, such as the denaturation of ordinary alcohol (for 
burning, etc.), the manufacture oWilferent varnishes, etc. ; but when it 
is to be used for the preparation of certain aniline colours, it must be 
purified by a further rectification in more complete plant, so as to 
free it from those hydrocarbides which, when oxidised during the course 
of manufacture, would yield black products* 
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To purify such alcohol it is first diluted with distilled water so as 
to bring it to 50 per cent, strength ; after standing a few days, the 
liquid forms two layers, the surface one of which contains the major 
portion of the hydrocarbides. The lower layer is drawn off and recti- 
fied with 2 to 3 per cent, of lime in the preceding apparatus, or in a 
column rectifier followed by a dephlegmator, with return to the top 
part of the column (Fig. 38). At the commencement of the rectifica- 
tion every effort is made to- obtain the greater part of the acetone. 



Fig. 38, — Steam- heated still for the distillation of wood-spirit, surmounted by rectifi- 
cation column. 

then a slight current of water is run 'into the column, which is still 
kept comparatively warm, and the condensed products are fractionated, 
collecting them in separate reservoirs, from which they are after- 
wards drawn oft and more pure products extracted from them. The 
condensed liquids may be divided into: (1) First runnings, testing 
60 down to 8 per cent, of acetone. (2) Middle runnings, miscible with 
water containing 7 down to 1 per cent, of acetone. (3) Middle run- 
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nings, which do not give limpid solutions with water. (4) Portions 
containing ally lie alcohol. (5) Last runnings, containing oils. The dis- 
tilled products are tested, from an acetone point of view, by means of 
soda, by adding 20 c.cm. of a solution of caustic soda of density 1*3 to 
10 c.cm. of alcohol contained in a graduated tube, and agitating 
strongly. It is then allowed to stand, when the acetone separates 
entirely in a supernatant layer ; this test gives no result unless the 
alcohol holds 1 per cent, of acetone in solution. The distillation is 



Fig. 39. — Steam-heated still, with independent rectitication column, for rectification 

of^ wood-spirit. 

still followed up, testing the miscibility of the alcohol with water, and 
taking its strength from time to time by the alcoholometer. At the 
end of the operation, the distillate is no longer miscible with water ; 
the last portions have a milky appearance, and are merely an emulsion 
of oil and water. The column apparatus (Fig. 38) may be advantageously 
replaced by a rectifier, with arrangements for the easy cleaning of the 
still and the column (Fig. 39), this latter not being mounted directly 
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on the still. In spite of all the precautions which i may be brought 
to bear in this second rectification, the methyl alcohol obtained is 
not yet sufficiently pure for the manufacture of methyl aniline, for 
example, or for the preparation of methyl ic ethers in the laboratory. 
It then undergoes a third rectification in presence of a small quantity 
of sulphuric acid, and the distillate, between the temperatures 64° and 
67° C. (147*2° to 152*6° F.), is collected for the manufacture of the above- 
mentioned bodies. Finally, when it is desired to obtain methyl alcohol 
free from acetone, the Rotten process is adopted, which consists in 
combining acetone with a halogen. For this purpose, methyl alcohol 
is distilled in a reflux condenser, into which a current of gaseous 
chlorine is passed, which, inert to the alcohol, transforms the acetone 
into chlorinated compounds, of boiling point about 120° C. (248° F.), 
much higher than that of methylic alcohol ; the product is then dis- 
tilled, after which the alcohol is rectified over lime to remove the 
last traces of chlorine. According to the inventor, this process yields 
methyl alcohol perfectly free from acetone. 

Continuous Distillation. — As often, for commercial reasons, it is more 
profitable for a wood charcoal factory to produce methyl alcohol 
containing small proportions of acetone than alcohol free from acetone, 
a sketch is here given of some rectification plant, in which the distilla- 
tion is so much the more interesting because it is continuous, and that 
is an important step in advance in distillery progress. Continuous 
rectification enables more pure alcohols to be produced, whilst a con- 
siderable saving is effected at the same time. 

Coupiers Continuous Rectijier.—\i\ this rectifier, the methylic va- 
pours, after traversing a series of plates (through which they bubble) 
in the rectifying column, pass into three receivers, termed analysers, 
arranged as shown in Fig. 40, at different depths in a tank of water 
at a given temperature. The vapours pass into each analyser through 
a dipping tube in the form of a rose, and bubble into the condensed 
liquid, the overflow of which is brought back by independent pipes on 
to certain of the bubbling plates on the rectifier, making that from the 
last analyser discharge at a higher level than that from the first. A 
tap, placed under each analyser, enables the progress of the distillation 
to be followed by taking samples from it from time to time. 

Barbet’s Rectijication Spstcm.—lu Barbet's system, the object of 
rectification is to make three assortwnents of the substances contained 
in the crude alcohol. (1) The aggregate of all which is more volatile 
than alcohol, or the first runnings. (2) Pure alcohol. (3) The aggre- 
gate of all which is less volatile than alcohol, or the last runnings. 
The crude alcohol is freed in a preliminary operation from all products 
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more volatile than alcohol — that is coniinmm purification. The puri- 
fied alcohol is sent to the continuous rectifier properly so called, which 
brings it to 96 and 97 per cent, and eliminates the last running’s 
products. Barbet's continuous rectifier (Fig. 41) comprises two quite 
distinct organs : the purifier and the rectifier. The purifier is an ordinary 
distilling column, A, surmounted by a small column, furnished with 
plates for the concentration of the ethers and to retain the pure 
alcohol. The alcohol, to be purified, flows into the fore warmer, R, 
by the pipe, S ; there it is heated by the exhausted liquors issuing from 
the column, G. A notable amount of fuel is thus saved ; the alcohol 
passes into the upper part of the column, A, and flows from plate to 



Fio. 40. — Continuous still for distillation of wood-spirit. 


plate until it reaches the lower part, which is heated by a coil. 1 It 
is provided with a steam regulator, which is to be seen adjacent to 
column A. The vapours which rise from the bottom of this column 
consist of acetone, ethers and alqohol ; as they successively pass through 
all the liquids spread on the plates, whieh become gradually less and 
less hot and more and more ri<di in acetone and in ethers, these 
vapours are deprived of their alcohol, and enriched with products of 
lower boiling point. These products of lower boiling point are con- 
centrated in the small column and pass to the condenser, B, where a 
retrogradation produces a methodical enrichment of these ethers and 
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of the acetone, which are finally liquefied in the refrigerator, C, and 
flow out by the test glass, P. 

The alcohol freed from first runnings passes by the pipe, N, into 

II 



Fig. 41.— Barbefs continuous rectification plant for wood-spirit and acetone. 

the rectifier, G, which is an ordinary distilling column, consisting of 
two kinds of plates : (1) exhaustion plates in the lower part, (2) 
rectification plates above the former. The purified alcohol, in the 
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upper part of the exhaustion plates, descends from plate to iplate‘and 
reaches the bottom of the column, which is heated by a steam coil 
provided with a steam regulator. During this passage it is deprived of 
all its alcohol ; the exhausted water flows away by the siphon, passes 
through the forewarmer, R, where it cedes a portion of its caloric to 
the crude alcohol to be purified and then runs down the drain. The 
alcoholic vapours become stronger and stronger as they traverse the 
rectification plates. They reach the condenser, H, where a retro- 
gradation sends back those vapours which condense there to the upper 
part of the column, G. The pure alcoholic vapours, which traverse 
and wash themselves in the condenser, H, pass to the refrigerator, K, 



Fig. 42. — Diagram to illustrate regulation of Barbet’s continuous rectifier. 

and the resultant liquid, that is to say pure alcohol. Hows out through 
the test glass, Q. The classification of the products is effected on the 
plates in the order of their purity, and the only function of the con- 
denser, H, is to provide a waifh water in which the alcoholic vapour 
refines itself. Thus to have a pure alcohol it is necessary that the 
washing alcohol be perfectly pure? Suppose, says Barbet, the alcohol 
from the test glass contains a small proportion of first runnings, the 
retrogradation will contain the same impurity, and will reintroduce 
it on to the top plate of the column. But the most volatile products 
are re-evaporated first, and there will remain on the top plate vapours 
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in a state of purity. The phenomenon of purification is surprisingly 
energetic on the top plate. The small refrigerator, E, serves to de- 
termine the exhaustion of the residual waters ; a thin stream of these 
waters flows constantly from the test glass, S, where they can be ex- 
amined at any moment. The regulation (Fig. 42) of the flow in the 
continuous rectifier is rendered invariable by giving to the refrigerator, 
F, the same height as the condenser, E, and by placing them both on 
the same l^vel. The cool alcohol issues by the pipe, L, fitted with 
an air pipe, K, and descends to the test glass, T. The alcohol drawn off 
from the top part of the column. A, at H is cooled in G, and flows out 
through P ; on the descending alcohol pipe is branched a valve, R, 
connected with the retrogradation from the condenser, E. If the tap 
(near T) be closed whilst the apparatus is at work, the alcohol wfill 
ascend in the tube, KN, raise the valve, R, and mix with the retro- 
gradation to enter the rectifier, A (at top). Without perturbation of 
any sort, without requiring more water than formerly, the apparatus 
continues to rectify at the same rate even though there is no outflow 
of alcohol. By opening the tap, N, more or less, the tap, H, being 
open more or less, pure alcohol is obtained. The flow of the two 
test glasses, P and T, can thus be regulated, and always in an in- 
variable manner. 

Lepage & Co. of Paris construct a sort of rectifying still head or capital, 
which not only has the advantage of fitting any still, but is also eco- 
nomical of space,. by doing away with the goose-necks and condensers 
of ordinary stills. The rectifying still head realises a good use of the 
condensing water, which may be replaced by the liquid to be distilled 
when it is desired to distil continuously. The alcoholic vapours from 
the pan traverse different rectifying plates contained in the chamber, C 
(Fig. 43). These plates, having the form of lenses with a double envelope, 
are cooled by a current of cold water, r, flowing above the funnel, E, 
regulated at will by a tap, by which tlie rectification, which may be 
suppressed at any given moment, may be varied as desired. The 
alcoholic vapours afterwards penetrate into a double coil, S, where 
they circulate in an inverse direction to a current of cold water brought 
by the pipe, D ; the outflow of the hot water, s, having done duty in 
the rectification rejoins that (a’) from tlie condensation by the pipe, F, 
for their common discharge. In continuous distillation without the aid 
of water the liquid to be distilled first passes through the condensing 
coil (Fig. 44), then on to the rectifying plates. The liquid, after having 
been distilled in the column, falls exhausted into the pan, the residue 
from which is evacuated by a siphon, I. The alcohol flows from the test 
glass, E, at a constantly uniform strength determined by the feed tap, R. 
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Preparation of Pure Methyl Alcohol. — Wood-spirit, as obtained by one 
of the processes given above, is not chemically pure, for it still con- 
tains 0*4 to 0’5 per cent, of acetone, aldehyde, methyl acetate, which 
can only be separated with difficulty by a series of fractionations. Other 
methods of purification besides Rotten's must therefore be resorted to, 
especially in laboratories, in which advantage is taken of, at one time, 
the properties of methyl alcohol, at other times, of those of acetone. 
In one of these methods, methyl alcohol is combined with calcium 



Fig. 43. — Rectifying still head. 


chloride in powder. The crystals obtained are, after draining, heated on 
the water bath to drive off the. acetone and other volatile uncombined 
products, then they are taken up |^y a certain amount of water, which 
breaks up the compound, and the methyl alcohol is distilled. Another 
special process for eliminating acetone consists in combining the latter 
with a freshly prepared concentrated solution of sodium bisulphite. 
The whole is allowed to stand while the crystals separate out ; then the 
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clear liquid is distilled. The distillate is methyl alcohol free from 
acetone. The acetone may be converted into chloroform or into iodo- 
form by treating the methyl alcohol by a milk of lime and a concentrated 
milk of chloride of lime ; by afterwards submitting the chloroformic 
liqucr thus obtained to distillation, the chloroform passes over first ; it 



Fig. 44.— Lepage’s rectifier for continuous distillation. 


is collected under water so as not to lose methyl alcohol (the waters 
are used up in the manufacture), then, when pure methyl alcohol 
distils, it is collected apart. 

Preparation and Properties of the Acetates. Different Uses of these Salts 
Neutral Acetate of Potash.—This salt (C^HjOjK) is prepared by directly 
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neutralising a solution of acetate of potash or of carbonate of potash by 
acetic acid. The solution, evaporated to about B., sp. gr. 1-345, is 
set to crystallise in wooden tanks lined with lead ; the crystals obtained, 
silky and deliquescent, are then centrifuged to separate the mother 
liquors. The aqueous solution of acetate of potash, evaporated to dryness^, 
is transformed into a lamellar mass with a very brilliant fracture termed 
terrefolih'e du tart re des anciem (terra foliata tartan j eh rifuge salt of 

Sylvius) ; it melts at about 292° C, yielding foliated deliquescent 
crystals on cooling. It is used as an energetic dehydrating'and decom- 
posing agent. A solution evaporated with excess of acetic acid gives 
a crystalline mass of acid potassium acetate melt- 

ing about 148° C. (298 4° F.), and is used, as already mentioned, for the 
manufacture of glacial acetic acid. 


TkliLE IX. — GiVINd THE PeHCENTAOE OF ANHYDROUS AcETATE OF POTASH IN AqUEOUS 
Solutions of the Salt of Different Densities 


Densities at C. 

(59° F.). 

Potassium .Acetate, 
per cent. 

Densities at 1.5° C. 
(5!)’ F ). 

; Potassium Acetate, 
per cent. 

1-041) 

10 

1-2105 

40 

M005 

•20 

1-2685 

50 

1-1545 

30 

1-3285 

, 60 


Acetate of Soda (C 2 H 30 ^,Naf 3H.,0), also termed terra foliata mineralis 
(ten'efoliee miuerale). — The pyroligneous acid, separated by distillation 
from the methylated products, is run into wide, shallow, wooden or 
enamelled iron tanks, which are only filled two-thirds ; Solvay soda ash 
is added gradually, taking care to wait a few minutes, after each fresh 
addition of alkali, to allow the carbonic acid to escape and to let the 
effervescence calm down so that the liquid does not overflow. In pro- 
portion as the solution becomes less and less acid, the tarry matters 
held in solution, as already mentioned, by the acetic acid, separate and 
float on the liquid, and when the liquid is neutralised, which is the case 
when a fresh addition of soda produces no more effervescence, the whole 
is allowed to stand for some time for the tars to aggregate ; these are 
skimmed off and the solution of acetate of soda is sent to the evapora- 
tion plant. If the waste heat from the charcoal furnaces is to be used 
for concentrating the acetate of soda, rectangular wrought-iron tanks 
are laid over flues, into which the fRrnace gases can be made to pass by 
means of a damper before going to the chimney. The saline solution 
is led into the tank the most distant from the furnace, then into the 
next to balance the evaporation, in proportion as it is produced, until the 
liquid of the last marks 27” B., sp. gr. 1 *23. The damper on the flue is 

5 
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then momentHrily closed and the gases pass directly to the chimney, 
until the contents of the tank, brought to the right degree of con- 
centration, are emptied into the wrought-iron crystallisers. This empty 
tank is now filled with the contents of the preceding one, and the eva- 
poration is continued by bringing the furnace gases once more under the 
tanks. As, during this operation, tar continues to float to the surface of 
the mass and to soil the product, care must be taken to skim it off as soon 
as formed. The crystallisation of acetate of soda takes several days ; when 
it is terminated, an orifice is opened at the base of each crystalliser. The 
latter being slightly inclined, the mother liquors flow into a gutter which 



Fig. 45.— Evaporation pan for Fig. 4G.— Concentration pan 

evaporating acetate of soda liquors. for acetate of soda liquors. 


leads them to a tank at a lower level. The salt obtained in this way 
is placed, after draining, in a wrought-iron or cast-iron pan (Figs. 45, 46), 
and the requisite amount of water added to make a boiling solution of 
27° B., sp. gr, 1 ’23, which is afterwards^ set to crystallise in tanks. After 
six to ten days crystals of acetate of soda are obtained larger than the 
preceding, but still coloured brown*; this acetate of soda of the second 
ciystallisation may be bleached by centrifuging it and washing it in the 
centrifugal with a solution of purified acetate of soda. To prepare white 
acetate of soda, the second crystallisation crystals are melted, without 
addition of water, in a cast-iron pan, then the product is passed, by small 
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quantities, into an adjacent pan termed the frit, fitted with a lid and a 
mechanical agitator (Fig. 47). The acetate of soda, brought to about 
380° C. (656° F.), first dries, then melts, and the tarry matters decom- 
pose and volatilise. After an hour and a half the fused salt is, according 
to the installation, lifted by an iron dipper (poclie en fer) and run into 
an iron gutter, which leads it into a cast-iron or, wrought-iron pan, which 
is shut up so as to avoid projections on the outside, and containing 
water, in which it dissolves. The fritted acetate of soda may also be run 
by a free discharge on to plates, where it solidifies ; it is then dissolved 
in a vat, fitted with a perforated steam coil and containing the amount 
of water necessary to make a solution of 20° to 22° B. (32° to 36° Tw.), 



sp. gr. 1 * 1 6 to 1 ' 1 8. This new solution, after standing and decantation, is 
filtered through animal charcoal, so as to decolorise it as far as possible. 
When the fritting is well done, filtration through animal charcoal may 
be dispensed with ; it is simply passed to the filter presses (Fig. 48) to 
separate the molecules of charcoal which it holds in suspension and 
originating from the decomposition of organic matter. The solution is 
evaporated to 25° B. (42° Tw.), sp, gr. 1*21, then it is run into flat circular 
copper vessels 1*8 metres (say 6 feet) in diameter by 25 cm. (say 10 
inches) deep (Fig. 49), fitted with a mechanical agitator, so as to obtain 
small crystals more pure and thus more easily centrifuged and washed 
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by a solution of acetate of soda. The salt obtained in this way is used 
to prepare acetic acid by the Mollerat process. The fritting of acetate 
of soda from the second ciy stall isation being rather a delicate operation, 
owing to the temperature to which it must be submitted without de- 
composing it, it is preferred in certain factories to suppress this operation 
and to prepare a boiling solution of acetate of soda, of 15° to l6° B., 
sp. gr. 1*115 to ri25, which is slowly passed through granular animal 
charcoal filters similar to those used in sugar works (Fig. 50). Liquors 



Fig. 48. — Plant for the solution and filtration of fused acetate of soda. 



Fig. 49.— Plant for the crystallisation in motion of acetate of soda. 

are thus obtained sufficiently decolorised to yield, after concentration 
and crystallisation, blonde crystals of acetate of soda as pure as those 
prepared by the preceding process! This method of purifying requires 
considerable quantities of animal charcoal. 

Hanriol’s Process . — The solution of the first crystals is treated by 
tannin or crushed defibred oak or chestnut wood ; the tannin precipitates 
the tarry matter from the liquors, which are then separated by decanta- 
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tion or filtration. The solution, after evaporation and crystallisation, 
yields acetate of soda, suitable for the manufacture of edible acetic acid 
(acide acetique bon gout). Finally, by neutralising with Solvay soda ash, 
the acetic acid, obtained by decomposing pyrol ignite of lime by a mineral 
acid, and crystallising, white acetate of soda is obtained sufficiently 
pure to be used, say, in dyeing. Neutralisation is effected in wooden or 
in enamelled iron vats containing, say, 70 per cent, acetic acid, to which, 
in small portions, is added almost the theoretical amount of Solvay soda 
ash, because it is necessary to bear in mind that a small amount of acetic 
acid is entrained by the carbonic acid given off during the reaction. As 
soon as the operation is finished, the product is dissolved in water, or. 



Fig. oO. — A nimal charcoal filters for decolorising acetate of soda solutions. 

better still, in the acetate of soda mother liquors from a previous crystalli- 
sation, previously heated in a copper or cast-iron pan fitted with a lead 
coil. Care is taken to keep the solution slightly alkaline so as not to 
dissolve the metal of the pan. The acetate of soda is run into the pan 
in small quantities at a time so a^ to allow the carbonic acid remaining 
in the saline mass to escape without the solution overflowing. When 
all is dissolved it is heated to the fii’st bubble and the boiling solution 
is brought to a density of 27“ B., sp. gr. 1’23. It is allowed to stand 
for several hours, then the clear portion is siphoned off and placed to 
crystallise in rectangular vats of 2o cm. (say 10 inches) deep, where a 
little acetic acid is added to it, whilst it is still very hot, to neutralise its 
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slight alkalinity. After two or three days, according to the season, the 
crystallised acetate of soda is separated from the mother liquor, then 
passed through a centrifugal with direct motor, such style of driving 
enabling that machine to be installed in any building through which 
steam passes. After being centrifuged the acetate of soda is bagged up 
in 2 cwt. bags and put on the market. Acetateof soda (C.^HgONa + 3HoO) 
is efflorescent in dry air ; it melts in its water of crystallisation, which 
it gradually and then completely loses as it is heated up to 319° C. 
(606*-2° F.). 

Acetate of Ammoma. — This salt is prepared by passing ammonia gas 
through glacial acetic acid until no more is absorbed. The liquid be- 
comes hot by the combination of the two bodies, then on cooling it is 
converted into a crystalline mass. The aqueous solution of ammonium 
acetate, likewise called Spirit of Mindentx, can likewise be prepared by 
mixing ammonia with acetic acid in proportion of about 30 parts of 
ammonia at 22° for 100 parts of acetic acid at 10°. That solution, 
heated to boiling, gives off ammonia and yields an acid salt which 
crystallises in needles, which, if the heat be continued, is decomposed 
into water, ammonia and acetic acid, to finally yield acetamide wliich 
distils. 


Table X. — Showing the Density of Solutions of Acetate of Lime of VAiaous 
Strengths at 15° C. (59° F.) 


1 Density, i 

i Per 
cent. 

Density. 

Per 

cent. 

Density. 

; Per 
cent. 

Density. 

Per 

cent. 

Density. 

Per 

cent. 

Density. 

Per ! 
cent.! 

■ I'OOGO ; 

1 

^ 1-0302 

‘i 

1-0527 

11 

1-0708 

16 

1-0925 

21 

1-1189 

2ii ; 

1’0I32 ' 

2 1 

1-0394 

7 

1-0562 

12 

1-0750 

17 

: 1-0996 

22 

1-1248 

27 

1-0198 

3 i 

1-0426 

8 

1-0597 

13 

1-0792 

18 

^ 1-1027 

23 

1-1307 

2H ; 

: 1-0204 

4 ! 

1-0458 

9 

1-0682 

14 

1-0834 

19 

1-1078 

24 

1-1366 

29 ' 

1-0380 

5 i 

1-0492 

10 

1-0666 

15 

1-0874 

20 

1 1-1130 

i 

25 

1-14-26 

30 I 

i 


White Acetate of Lime. — White acetate of lime is prepared bv 
saturating lime with acetic acid : one part of slaked lime and three parts 
of 60 per cent, acetic acid. The milk of lime is prepared and added by 
small quantities to the acetic acid, taking care that the temperature 
does not rise too much, so as to have the smallest possible loss of 
acetic acid. The neutralisation finished, the mass is allowed to cool, 
and the white mass so obtained is^ centrifuged. The acetate of lime 
is then laid to dry on enamelled iron plates heated, for example, 
by waste furnace gases. 

Acetate of Alumina (Calico Printers' Red Mordant). — A solution of this 
salt which does not crystallise is used as an ordinary mordant in calico 
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printing. It is prepared as a more or less dilute solution, according to 
the purpose for which it is intended, either by double decomposition 
of a soluble acetate and an aluminium salt or by solution in acetic 
acid of freshly precipitated alumina. By double decomposition acetate 
of lead or acetate of lime is used, or even, and preferably, acetate of 
baryta when it is desired with sulphate of alumina to obtain an acetate 
exempt from sulphuric acid ; sulphate of lead being slightly soluble 
in an acetate and sulphate of lime in water. Acetate of alumina hav- 
ing little stability, especially when hot, heat decomposes it, liberating 
acetic acid; it should therefore be made cold. If to be made from 
lead acetate, a solution of that salt, of 45^ B. (91° Tw.), sp. gr. 1'455, is 
prepared, which is mixed cold with a solution of sulphate of alumina of 
22° B. (86° Tw.), sp. gr. 1*180. The whole is allowed to settle and the 
solution of acetate of alumina is decanted. Acetate of alumina pre- 
pared from acetate of lime is made by running in a solution in mole- 
cular proportion of acetate of lime — by small quantities at a time, to 
avoid an increase of temperature — into a molecular solution of sulphate 
of alumina. After having mixed the mass well it is allowed to stand, 
then decanted, and, if it be desired that this solution contain no sulphate, 
the operation is finished by the addition of a small quantity of acetate 
of baryta. Acetate of alumina suitable for dyers is prepared from 
alumina freshly precipitated from an aqueous solution of potash-alum, 
or ammonia-alum, by carbonate of soda. The gelatinous alumina is 
dissolved in acetic acid. By adding increasing quantities of an 
alkaline carbonate to a solution of the normal salt, solutions of different 
basic acetates may be obtained. Impure solutions of acetate of alumina, 
prepared by precipitating an alkaline solution of an alum by lead ace- 
tate, are often met with in commerce. For this purpose 70 lb. of alum 
are dissolved in .5 gallons of water. Then 100 lb. of acetate of lead 
in fine powder are gradually added with constant stirring ; sulphate of 
lead is formed which is deposited. The liquor contains, besides acetate 
of alumina, sulphate of potash, sulphate of ammonia, or sulphate of soda, 
according to the nature of the alum used, and traces of sulphate of 
lead. The trade term applied to the different acetates and sulpho- 
acetates of alumina used in the industry is that of red mordant, because 
they are universally used, in dyeing and calico printing to produce ali- 
zarine reds on cotton. 

Acetate of Iron . — The acetate o^* iron used in dyeing black is made 
frojii pyroligneous acid freed from methyl alcohol and the greater part 
of its tar. It is poured, boiling, on iron turnings in wooden vats ; the 
iron is soon attacked with disengagement of hydrogen, whilst the tars, 
held in solution by the free acetic acid, rise to the surface of the liquid 
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ill a thick layer which is skimmed oft* After twenty-four hours the 
pyroligneous acid, converted into a mixture of acetate of protoxide of 
iron (ferrous acetate) and of sesquioxide of iron (ferric acetate), is with- 
drawn ; it marks 14° B. (22° Tw.), sp. gr. I’lOO. As to the iron which 
remains in the vat, it must be taken out to revivify it. For that purpose 
it is piled in heaps and set on fire to burn off the tars which cover the 
undissolved turnings. The iron is then passed through a sieve to sepa- 
rate the oxide which is formed during the combustion, after which it 
can be used for a fresh operation. 

The acetate o f protoxide o f iron [ ferrous acetate), used in making cer- 
tain inks and in calico printing, is prepared by dissolving iron in acetic 
acid in a copper pan. To facilitate the reaction the whole is heated to 
about 70° to 80° C. (158° to 176° F.), then it is allowed to cool. As the 
oxygen of the air transforms this salt into the acetate of sesquioxide of 
iron (ferric acetate) it is run olF into closed vessels. The presence of 
catechol, which acts as a reducer in acetate of protoxide of iron (ferrous 
acetate), prevents it from oxidising too rapidly, a fact which enables it 
to be preserved. It may also be prepared by double decomposition of 
a solution of acetate of lime or of lead and ferrous sulphate (green 
vitriol). 

Ferric Acetate. — In order to prepare ferric acetate, either a solu- 
tion of ferric sulphate may be decomposed by an acetate, or the more 
commercial process may be adopted of manufacturing it by abandon- 
ing iron turnings immersed in acetic acid to the prolonged action of 
the air. The operation, which lasts several weeks, is carried out in casks 
fitted with a false bottom ; the liquid which flows out at the bottom is 
repassed through the cask from time to time over the mass being 
treated. Finally, when the solution marks 10° B. (15° Tw.), sp. gr. 
1 075, by the areometer, it is concentrated over a naked fire to 15° B., 
sp. gr. 1’115, for deliver)^ to purchasers. 

Zinc Acetate. — This salt is obtained by dissolving zinc, carbonate of 
zinc or oxide of zinc in acetic acid. With zinc oxide a milky paste is 
made consisting of oxide of zinc 100 lb., water 15 gallons, which is 
saturated with acetic acid of 75 to 80 per cent, strength. The whole is 
then heated in a pan to boiling and concentrated to .82° to .8.3° B. (57° 
to 60° Tw.), sp. gr. 1*285 to 1*,800. It ^s then allowed to settle and the 
clear solution set aside to crystallise. After some time the crystals, in 
the form of white plates, are centrifuged, to separate them from the 
mother liquor, and set to dry on sieves. 

Chromium Acetate. — This salt is prepared in solution by mixing 
solutions of acetate of lead and chromium sulphate or chrome alum; 
in the latter case the solution, naturally, contains sulphate of potash. 
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A solution so prepared is not decomposed on boiling whatever may be 
its dilution. Whilst cold there is no precipitation by caustic alkalis, 
alkaline carbonates, phosphates, nor silicates, but on boiling precipita- 
tion is complete. How these properties are utilised in dyeing will be 
seen later on. 

Acetate o f Copper [Cupric Acetate ; Verdet, Crystallised Vert-de-gris ). — 
This salt was prepared for a long time by dissolving the basic acetate 
of copper in acetic acid by the aid of heat, the operation being con- 
ducted in a copper pan. After settling, the liquors were decanted and 
set aside to crystallise, and to facilitate the formation and deposition 
of crystals, rings of split wood were introduced into the liquid which 
became covered with crystals. At the present day sulphate of 
copper is taken as the starting-point. It is converted into acetate by 
means of acetate of soda, or again it may be prepared from sulphate of 
copper, the copper of which is precipitated as hydrated oxide and dis- 
solved in acetic acid. In this latter process, milk of lime, in sufficient 
quantity to precipitate all the copper as oxide, is added to a solution of 
sulphate of copper in water, taking care to stir the mass well during 
the addition of the milk of lime ; acetic acid is afterwards added, which 
redissolves the hydrated oxide of copper formed, then the sulphate of 
lime is allowed to settle and the liquid concentrated until it begins to 
skin, when it is set aside to crystallise. Another and more rapid method 
of manufacture, which is preferred to the last process, and by wdiich 
large crystals of acetate of copper can be obtained, consists in mixing 
solutions of sulphate of copper and acetate of soda at an average tem- 
perature of 70° to 7.5° C. (158° to l6T F.). In a copper pan, heated by a 
steam jacket or by a steam coil, containing 800 litres (say 176 gallons) 
of water, or mother liquors from a previous operation, which are thus 
saturated with acetate of copper or sulphate of copper, 800 kilogrammes 
(say 660 lb.) of crystallised sulphate of copper, which are gradually added 
with constant stirring, whilst the temperature is kept at 70° to 75° C. (158° 
to l67° F.), are dissolved. In a second vessel made of wood or cast-iron, 
likewise fitted with a copper coil or a lead coil, 700 litres (say 1 5T gallons) 
of water or mother liquors from a previous operation are heated, in which 
880 kilogrammes (660 lb.) of acetate of soda are dissolved. The hot 
solutions are run into a wooden Vifit, taking care to let the two jets of 
liquid reach the bottom of the vat at a certain distance from each other, 
and as gently as possible, so as to .avoid setting the mass in motion. 
The running of the soda solution is regulated in such a way that the salt 
for equal molecules is always in excess over the sulphate of copper. 
The affinity of the acetic acid, contained in the acetate of soda, for the 
copper of the sulphate is so great that the decomposition takes place 
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somewhat rapidly. After a few hours, according to the season, the 
temperature of the mixture having lowered to about 34° C. (93’2° F.), 
the acetate of copper crystallises when the sulphate of soda formed 
is near its maximum of solubility. The mother liquors are then de- 
canted, and the acetate of copper is then centrifuged. The salt 
obtained is dried in a stove at a moderate temperature. There is 
another process which also gives good results, not only as regards the 
quality of the product obtained, but ako in regard to cost of pro- 
duction, manufacturing expenses being lower than by the preceding 
process. It also consists in utilising the great affinity between the 
two salts, acetate of soda and sulphate of copper, to form acetate of 
copper and sulphate of soda, by simply placing crystallised sulphate of 
copper in contact with a solution of acetate of soda. A solution of 
160 kilogrammes (363 lb.) of acetate of soda in 400 litres (88 gallons) 
of water (or mother liquors from a prev ious operation) is made in an 
iron or wooden vessel heated as before by a steam coil to about 80° C. 
(176° F.). On the other hand, on a double bottom of wood or metallic 
wire gauze, supported by a frame at a certain height above the bottom 
of a vat ot about 0'4 metre (say 15|- inches) in depth, of oOO to 6OO 
litres capacity (say 1 10 to 132 gallons), 1 50 kilogrammes (330 lb.) ol sul- 
phate of copper crystals are laid .so that the .solution ot acetate of soda, 
once it is run on to them, covers them completely. The beck is then 
covered, so that its contents remain warm for twelve hours, the time 
required for the complete transformation of the sulphate of copper into 
acetate. When the temperature of the liquid has lowered to 34° C. 
(93*2° F.) the mother liquors are decanted and the acetate of copper, a 
portion of which has crystallised in fine crystals in the bottom of the 
vat, is collected, whilst the other portion remains on the double bottom. 
The acetate of copper formed is centrifuged and washed in the basket 
of the centrifugal with lukewarm water, then it is dried at a gentle heat 
for twenty-four to thirty -six hours and afterwards sifted, according to the 
requirements of customers. The lumps which remain on the sieve are 
crushed and yield a duller and more bluish acetate of copper. In the 
two processes just described, the two mother liquors are set to crystallise 
afresh for the sulphate of soda to crystallise out. After four to five 
days this salt is separated from the n)j[)ther liquor which is then again 
utilised in the manufacture of acetate of copper. The crystallised sul- 
phate of soda is redissolved, to be purified, in a pan, where it is heated 
with iron turnings so as to precipitate the copper, which soils the sul- 
phate of soda ; a small amount of carbonate of .soda is then added to pre- 
cipitate the iron. After twenty-four hours the solution is decanted at 
a temperature of 30° to 35° C. (86° to 9.5° F.), and, as the quantity of 



THE ACETIC ACID INDUSTRY 


75 


water (or mother liquors) from the sulphate of soda is calculated so as to 
have a saturated solution at that temperature, the sulphate of soda is 
ready to crystallise ; it is then made to undergo a sort of crystallisation 
in motion (so as to obtain small crystals which are, so to speak, chemi- 
cally pure). The copper mixed with the oxide of iron is collected and 
is utilised in the manufacture of sulphate of copper. 

Verdigris or Dibasic Acetate of Copper, — This salt is prepared on a 
commercial scale in the south of France, especially in the neighbour- 
hood of Montpellier, by oxidising in the air plates of copper laid in the 
centre of the marc from grapes. 

Xeutra! Acetate of Lead or Salt of Saturn {Sugar of Lead). — This 
salt is obtained by dissolving litharge in acetic acid by direct oxi- 
dation of lead by the air in contact with acetic acid. The acetic acid 
used in both cases is commercial TO per cent. acid. (1) By litharge . — 
The preparation of acetate of lead, by means of litharge, consists in 
bringing to about 50° C. (122° F.) a certain quantity of acetic acid run 
into a wooden or iron vat lined with lead [heating being effected by 
simple bubbling of the steam in the liquid (that is by a perforated steam 
pipe)], then by gradually adding litharge (with constant stirring), the 
weight of which corresponds to five or six-tenths that of the acid ; 
when neutralisation is complete, which is determined by litmus paper, 
it is allowed to settle, after which it is decanted into a copper pan 
fitted with a steam coil. The clear solution is then concentrated to 
45° to 48° B. (90° to 100° Tw.)* sp. gr. 1*45 to 1*500, and it is allowed to 
settle fora few moments, then the clear liquid is drawn off and set aside 
to crystallise in earthenware tureens. After twenty-four hours’ cooling 
crystallisation is complete. The tureens are reversed to drain off the 
mother liquors and the crystals centrifuged and laid aside to dry on a 
frame in a stove with a strong draught of air, but heated to a tempera- 
ture not exceeding 85° C. (f)5° F.), so as not to liberate a portion of the 
acetic acid contained in the neutral acetate, a salt which is not stable at 
a higher temperature. Certain manufacturers have modified this process 
by utilising the property which litharge possesses of being much more 
soluble in acetate of lead than in acetic acid. The basic acetate of 
lead so formed is transformed into neutral acetate by adding acetic 
acid until the solution is neutral. Operations are commenced by run- 
ning into the solution tank a third of its capacity of acetic acid of 80 
per cent, strength, which is heated until it begins to boil ; then by 
means of a sieve, litharge, to which enough water has been added to 
form a paste, is introduced whilst stirring constantly and in quantity to 
saturate double the amount of acetic acid run into the tank. That 
done, the liquid is brought to the boil for a few minutes by a perfor- 
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ated steam pipe bubbling into the liquid. The litharge dissolves 
rapidly and completely to form a milky solution of basic acetate, which 
is converted into normal acetate by adding an amount of acetic acid 
equal to that originally used, whilst still continuing to stir for some 
time longer. In this way the loss in acetic acid will be insignificant. 
It is known that the basic acetate of lead is transformed into the 
normal acetate by Pfunott's reaction, which consists in adding to a test 
sample of the lead solution a few drops of a 5 per cent, solution of 
mercuric chloride until there is no precipitate. Acetic acid is there- 
fore added until this point is reached. Finally, the clarified liquid is 
evaporated in lead-lined or tinned vessels up to .50° B. (106° Tw.), sp. 
gr. 1*53, boiling. It is set aside to crystallise in earthenware crystal- 
lisers or in shallow wooden becks. So as to remove the copper which 
exists as oxide in the litharge, and which dissolves at tlie same time as 
the latter, sheets of lead are suspended in the concentration vats to 
precipitate the copper. (2) Bif metallic lead , — Iji this process the lead 
is reduced to a very fine state of division ; for that purpose it is first 
melted in a cast-iron pot, then granulated by causing it to fall into a 
small tub containing cold water. The lead solidifies, assuming a 
spongy form. This lead is placed in a wooden column with a perfor- 
ated double bottom also of wood. This vat, of about 4 metres (say 
13*12 feet) high, is slightly conical, its lower and widest diameter 
being, say, 2 metres (64 feetj. Acetic acid, mixed with a certain 
amount of mother liquors from a previous operation, is run on to the 
lead. The liquid reaches the upper perforated bottom placed a few 
centimetres lower down than the top of the vat ; it is thus spread 
equally over the whole surface of the lead. So as to bring to the lead 
the oxygen necessary for its transformation into acetate, a current of 
air from draught of chimney branching in its upper part circulates in 
the vat between the two bottoms; the oxidation of the lead is accom- 
panied by a disengagement of heat, which facilitates the reaction, 
started in the beginning, by heating the lead by a jet of steam 
injected into the vat. The liquors are repassed over the lead until 
they are neutralised and mark 48° to 52° B. (100° to 113° Tw.), sp. 
gr. 1*5 to 1*565, according to the season, the solution being at a 
temperature of 60° C. (176° F.) ; whep it has attained the desired de- 
gree of concentration it is slightly acidulated in the vat by the addition 
of a little acetic acid. After some Ikours' standing the liquid is decanted 
and set to crystallise in earthenware tureens, or in rectangular shallow 
wooden becks, so as to cool the liquid somewhat rapidly and crystallise 
it in forty-eight iiours. 
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Table XL — Showing Density of Solutions of Acetate of Lead of Various 
Strengths at 15° C. (59° F.) 


Density. 
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50 
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10 
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^ 24 

1-2966 
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38 
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52 

! 1-0796 
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12 

1-1869 
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26 
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40 
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i 46-3 

54 

1-0939 

12-0 

14 

1-2040 

24-4 

28 

1-3376 

36-3 

42 

1-4968 

1 48-0 

56 


The crystals are then freed from the mother liquor by draining, 
after which they are passed to the centrifugal and then to the drying 
stove. The deposits wliich are formed in this process contain much 
carbonate of lead, arising from the carbonic acid in the air. They 
may be utilised by redissolving them by the aid of heat in acetic 
acid, which is to be used in a subsequent operation. In the installa- 
tion of an acetate of lead factory by this process, it is necessary to 
avoid the use of metals in the construction of the apparatus, especially 
iron, which, being very easily attacked, would introduce impurities in 
the final product, which would be a great drawback, especially for 
acetate of lead intended to be used in colour manufacture. According 
to the quality of the acetic acid used in this process more or less well- 
defined crystals are obtained ; thus, whilst with acetic acid bon gout 
the acetate of lead is obtained in large, well-defined crystals, with 
commercial acetic acid containing propionic acid, butyric acid, etc., the 
crystallisation is badly defined, like a cauliflower, owing to the presence 
of the higher homologues of acetic acid. 

Basic Acetate of Lead . — This salt is generally met with in solution 
under the name of Extract of Saturn, or in the form of the dried salt. 
The dried basic acetate of lead is obtained by heating in a steam- 
jacketed copper pan 50 litres (11 gallons) of water, in which are dis- 
solved AO kilogrammes (88 lb.) neutral acetate of lead. To this is 
slowly added 10 kilogmmmes (22 lb.) of litharge, and the whole brought 
to the boil. The evaporation of the liquid is continued until it becomes 
syrupy and suddenly solidifies ; the stirring is continued energetically, 
still continuing to heat until it is dry to the touch. Extract of Saturn 
is prepared in the same way, but Concentration is stopped wdien the 
liquid marks 35° to SlE B. (64-” to 66° Tw.), sp. gr. to 1’330. It is 
allowed to settle and the clear liquid is decanted. 

Acetine . — The acetine met with in commerce is simply a glyceric 
ether; it is obtained by heating glycerine and acetic acid, mixed in the 
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proportion of 53 per cent, glycerine of 28° B. (48° Tw.), sp. gr. 1‘24, and 
47 per cent, of pure acetic acid, or 55 per cent, of 85 per cent, acid, 
on the water bath for twelve to fifteen hours in earthenware vessels, 
similar to the condensers used for mineral acids. During the time the 
mixture is being heated, care is taken to stir it from time to time, so 
that the reaction may be complete. It is then cooled for a few hours 
and the clear portion siphoned off. 

Different Industrial Uses of the Products obtained in the Distillation of 
Wood and their Derivatives. — The examination of the different uses of 
the products obtained in the distillation of wood industry entering only 
in a secondary way into the scheme under which this treatise is framed ; 
only the principal commercial uses of the products described above 
will be given. 

Wood Charcoal. — One of the chief industries in which much wood 
charcoal is used is that of metallurgy ; in that industry advantage is 



Fig. 51. — Reservoir for mixing wood-spirit, 
taken of the properties which carbon possesses of uniting with several 
metals, such as iron, for the preparation of steel and cast-iron. 

Methylic Alcohol or Wood-Spirit. — This is principally used for heating 
and lighting, and for the preservation of objects ; it is used as a solvent 
for fine oils and certain hydrocarbides, principally resins and gums. 
Pure methylic alcohol is used for the manufacture of coal-tar colours, 
like methylaniline, which is obtained by heating wood-spirit and 
aniline hydrochloride under pressure. Wood-spirit, containing a certain 
amount of acetone, is used to denatui^ alcohols at a lower excise duty 
intended for use in industry. 

Wood Tar. — The navy and mercantile marine utilise considerable 
amounts of wood tar for caulking ships, coating ropes, sails and masts. 
The tar used for caulking is mixed with soft pitch or rosin, and the 
product so obtained is tenned naval pitch or vegetable pitch. Human 
and veterinary medicine, likewise, use tar in pulmonary and cutaneous 
affections. 
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The icir oblained as a secondary product in the preparation o f pyro- 
ligneous acid is unsuited for the uses just indicated ; it is generally 
fractionally distilled, and yields two or three groups of bodies which 
are collected apart, for use in the preparation of creosote and carbolic 
acid, as will be seen farther on. 

Acetic Acid. — The monohydrated acid is used in photography and in 
laboratory work ; under the name of bon gout, it is used to increase the 
strength of preserving vinegar, or diluted with water, is used as a 
substitute for vinegar in cooking operations. The acetic acid of the 
arts serves as base, as already seen, for the preparation of acetates, 
aniline, etc. It has a great consumption in tanning and currying for 



lT(r, o‘2. — Arrangement for withdrawing the products distilled from wood-spirit from 

iron casks. 

the iinliming of skins, and in dyeing, as a solvent. In small amount it 
is used to raise bath for tannin colours. 

Acetate o f Soda. — This salt is much used in dyeing ; it is added to 
the nitrosamine red development baths, as well as to the printing pastes 
(tin salt mordants) to preserve the fibres ; it is utilised as a reserve for 
aniline black (Prudhomme’s process). For the information of the 
reader the preparation of a bath for nitrosamine red is given here : 
T*160 kilogrammes of nitrosamine Ved in paste (B.A.S.F.); 2 kilo- 
grammes of hydrochloric acid of 20'’ B. (82’’ Tw.), sp. gr. 1*1 60 (30 per 
cent. HCl) ; 50 litres of water as cold as possible ; in summer it will even 
be necessary to add a little ice ; 2*800 kilogrammes of sodium acetate 
and complete to 100 litres with water. Acetate of soda, as a white 
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reserve for aniline black, is used in the composition of the following^ 
bath : 200 of acetate of soda in 1 50 of water, then make into a paste by 
heating with 6*50 of British gum. For a coloured reserve use is made of 
500 of a coloured lake of any desired colour, 150 of gura-tragacanth 
water, in which 150 of acetate of soda is dissolved, and 200 of albumen 
water 1 in I. Finally, acetate of soda is used in certain dye baths 
with acetin. 

Acelin. — This product is, at the present time, utilised in large quan- 
tities in printing on cotton, because it is a remarkable solvent, whether 
for basic colours or for colours soluble in alcohol. When steamed, the 
acetin facilitates the oxidation of the dyes. The following is the 
composition of what is termed in dyeing iin rongeant : 350 parts of zinc 
dust, 350 p irts of thickener, 150 parts of acetin, 150 parts of bisulphite 
of soda of 38° B. (72° Tw.), sp. gr. 1*360. After printing on the tissue, 
previously passed through the dye bath, it is dried and steamed for 
ten minutes under pressure, then rinsed, brightened and rinsed once 
more. Acetin is employed as a salt of tin rongeant in the following 
proportions : First of all a hot mixture of 550 parts of acetate of tin 
thickener, 250 parts of acetate of tin of 21° B. (34-° Tw.), sp. gr. 1*17, 
then there are added, whilst cooling, 25 parts of tin salt, 20 parts of 
acetin and 1 55 parts of water. Finally, by way of example, the follow- 
ing formula is given, into which acetin and acetate of soda enter, as ron- 
geants, to protect the fibre : 55 per cent, of acetate of tin tliickener, 
20 per cent, of acetate of tin of 21° B. (34° Tw.), sp. gr. 1*170, 11 per 
cent, of tin salt, 4 per cent, of acetate of soda, 3 per cent, of acetin and 
7 per cent, of water. 

Acetate of Ammonia . — This compound is mostly used in medicine or 
is used to prepare acetamide, 

Acetaie o f Alumina . — Beyond its use in steam colours and in Turkey 
red dyeing, acetate of alumina is used in waterproofing fabrics. The 
pieces are passed through swan skin rolls, which moisten them, with 
a solution of gelatine and acetate of alumina, then on drying rolls ; the 
acetic acid of the acetate disappears and the alumina remains on the 
fibre. 

Acetates of Zro//.— These are much used in ink manufacture, the 
staining of wood black and calico printing. Pyrolignite of iron is the 
mordant most frequently used in calico-printing for dyeing black, 
violets, grenats, etc. ; it is likewise very much used for dyeing silk 
black or for weighting raw silk. Finally, as the aceto-nitrate of peroxide 
of iron, it is utilised for dyeing black the silk intended for making the 
plush or ^^nap ” of hats ; this iron compound is prepared by dissolving iron 
turnings in nitric acid, until a pasty mass of basic nitrate of peroxide of 
iron is formed. This precipitate is collected and dissolved in acetic 
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acid by the aid of heat, taking care to preserve a slight excess of pre 
cipitate. 

Chromium Acetate. — The acetate of chromium in solution is used 
as a mordant in dyeing cotton. Cellulose possessing the property of 
attracting sesquioxide of chromium, by a simple immersion of several 
hours in an alkaline solution of acetate of chromium, a solution is 
prepared with 100 parts of chromium acetate (of density 11 15, 23° 
Tw.), and 100 parts of caustic soda (density 1*33, 66° Tw.), and 50 
parts of water. 

Acetates of Copper. — The acetates of copper are used, as green 
colours, in oil painting and in dyeing black on wool ; they enter like- 
wise into the composition of certain mordants. Acetate of copper is 
used to make a certain liquor termed vert d'eau or vert prepare, which 
is used in the colouring of plans. It enters into the manufacture of 
stains for wall papers, artificial flowers, etc., and is used in the preparation 
of Schweinfurt (emerald) green, which is an aceto-arsenite of copper, 
and is obtained by mixing concentrated boiling solutions of acetate 
of copper and arsenious acid. Verdigris is used in large quantities in 
cryptogamic diseases. 

Acetate of Lead. — The chief use of acetate of lead is the manufacture 
of more or less pure chrome yellow, forming the basis of more than 
thirty lakes derived therefrom. Some of these do not even contain 10 
per cent, of lead chromate. It used in painting and in calico printing. 
Chrome yellow for painting is obtained by precipitating a solution of 
acetate of lead by an alkaline chromate. It is then met with as a 
powder of a fine yellow colour, the shade of which may vary according 
to the condition in which the precipitation is made. For dyeing 
fabrics a bath of plumbite of lime is made, by adding 15 to 25 kilo- 
grammes (33 to 55 lb.) of acetate of lead to a milk of lime containing 
20 to 30 kilogrammes (4*4 to 66 lb.) of lime and 500 litres (110 gallons) 
of water. 

Basic acetate of lead is used for loading white silk. The great de- 
fect of colours with a lead base is that they blacken when exposed to 
the action of sulphuretted hydrogen. ^ 

^ And are poisonous. — D. G. 


6 



CHAPTER IV 

SECONDARY PRODUCTS OF WOOD DISTILLATION 

Imitisirial Denratives of IVood : Chloroform. — Chloroform, which 
at the present day is, owing to its anaesthetic properties, a very import- 
ant product, is prepared by the action of chlorine on w ood-spirit in pres- 
ence of alkalis. The operation is conducted in a still of a capacity 
triple that of the volume of the liquid to be employed, on account of the 
secondary reactions that occur, which cause the mass to swell up and 
froth. From 35 to 40 parts of water at 40° C. (say 3^ to 4 gallons), in 
which 2 parts (say 2 lb.) of quicklime, previously slaked, and 8 parts 
(say 8 lb.) of chloride of lime are beaten up, are heated on the water 
bath. There are afterwards added parts (1^ lb.) of wood-spirit of 85 
per cent, strength, and the temperature of the apparatus is increased 
rapidly until the still head is w'ell heated. Gas is given off which 
emulsifies the mass and causes it to ffoth. The heat is then with- 
drawn, either by taking the fire from underneath the water bath, or by 
turning off the steam if heat be applied by a steam coil, then the dis- 
tillation is allow'ed to go on of its own accord. Towards the end of 
the operation heat is again applied to terminate the reaction. The 
reaction is complete when the liquid which distils has no longer the 
sweet taste of chloroform. 

The distilled product is a mixture of chloroform, methyl alcohol 
and water ; it forms two layers in the receiver in which it is collected ; 
the lower layer is chloroform, coloured slightly yellow by the chlorine 
which it holds in solution ; the chloroform is decanted, washed with 
water to remove alcohol and then by carbonate of potash. It is finally 
dehydrated with chloride of calcium, then rectified over concentrated 
sulphuric acid, which is without action on chloroform, so as to remove 
the disagreeable odour due to a small quantity of a peculiar chlorinated 
compound. The water which floats on the chloroform in the con- 
densation of the distilled products may be used again in the prepara- 
tion of fresh chloroform. Chloroform is more often made from ethyl 
alcohol, and Laroque and Husant found that, if from 41^ parts of 
alcohol 550 grammes of chloroform be obtained by the first operation, 

(82) 
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grammes of that substance will be got in the second operation by 
using the water distilled in the previous operation, 700 grammes in 
the third, and finally 730 grammes in the fourth operation. Again, 
chloroform may be made by distilling acetate of potash and acetone 
in presence of chloride of lime. Chloroform is a very mobile liquid, 
colourless, with a mild ethereal odour when it is pure, and a slightly 
saccharine taste ; its density is 1*48. It boils at 60*8° C. (141*4° F.), and 
burns with difficulty with a fuliginous, reddish flame bordered with 
green ; scarcely soluble in water, though it dissolves in sufficient 
quantity to impart a most pleasant saccharine taste to the liquid. It 
is very soluble in alcohol and in ether ; its alcoholic solution, run into 
water, renders the latter milky, whilst pure chloroform gives no tur- 
bidity with water. Moreover, pure chloroform should give no turbidity 
with nitrate of silver, nor coagulate albumen ; when it has undergone 
decomposition, it inflames the skin and becomes poisonous, if it contains 
chlorine or hydrocarbon oils, arising from bad rectification. 

Methyl Nitrate (CH3NO3). — This ether of methyl alcohol is extensively 
used in the manufacture of methylaniline. It is prepared by introduc- 
ing one part of nitrate of potash into a retort, and running on to it a 
mixture of two parts of sulphuric acid and one of methyl alcohol ; the 
reaction occurs spontaneously without the aid of heat. A liquid distils 
which is led into a refrigerating condenser. The oily portion is. after- 
wards washed with water, theft rectified on the water bath over a 
mixture of massicot (PbO) and chloride of calcium, collecting that 
which passes at 66° C. (150*4° F.). Methyl nitrate is colourless, with a 
faint ethereal odour; its density is T18 (36°Tw.)at 22° C. (7T8°F.). It 
boils at 66° C. (150*4° F.) and burns with a yellow flame. Very slightly 
soluble in water, it dissolves, in all proportions, in alcohol and in wood- 
spirit. Heated to 100° C. (212° F.) with aniline, methyl nitrate is 
converted into methylaniline-nitrate, which, treated with caustic soda 
lye, yields methylaniline, which is distilled so as to render it fit for 
the manufacture of methyl-rosaniliiie colours. 

Ethyl Acetate (Acetic Ether) (C.2H^C.^H30.,). — Ethyl acetate is inet 
with, already formed, in wine or in wine vinegar. It is utilised in 
medicine, but is used more particularly to aromatise the vinegars made 
from acetic acid produced by distiflation. It is prepared by the action 
of acetic acid on alcohol, but, as etherification by an organic acid is 
accomplished slowly and incompletely, it is preferred to manufacture 
ethyl acetate by the intervention of mineral acid, like sulphuric 
acid, which is made to react on acetate of soda and alcohol. Small 
quantities of sulphuric acid and alcohol, previously mixed, are run into 
a retort heated by steam and containing crystallised sodium acetate. 
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heat is then applied ; the liquid distils, and, after passing through a 
condenser, is collected in a receiver. The distilled product is then 
agitated with twice its volume of water rendered slightly alkaline, it 
is then allowed to settle, and the ethyl acetate floating on the top 
decanted and digested over calcium chloride before being rectified. 
The chloride of calcium being soluble in this acetic ether, bumping 
occurs in the still, to such an extent as to render the operation a 
difficult one. It is therefore, preferable, as indicated by Berthelot, to 
wash the crude product with a weak alkaline solution, then, after rec- 
tification, to agitate it with a saturated solution of common salt, dry 
over carbonate of poLish, and finally rectify afresh. The wash waters, 
containing dissolved acetic ether and alcohol, which have escaped the 
reaction, are fractionally distilled ; the liquid, containing the acetic ether 
and the alcohol, is collected and used in a fresh operation. Ethyl 
acetate, the boiling point of which is 74'" C. F.), is a colourless, 

very mobile liquid, lighter than water ; it has a very pleasant ethereal 
odour, is slightly soluble in water, and very soluble in alcohol and ether. 
When it is perfectly dry it may be preserved indefinitely without de- 
composition, whilst, when it is moist, it gradually decomposes, re- 
generating alcohol and acetic acid. 

Aimfl Acetate (C-HjjC.,H30.>). — The preparation of this ether is carried 
out in the same way as that of ethyl acetate from acetate of so:la, sul- 
phuric acid and amyl alcohol. The rectified product is washed with 
water, then set aside to dry over calcium chloride and rectified with a 
little lead oxide. Berthelot advises that the crude product be washed 
with acetic acid, diluted with its own weight of water, so as to remove 
traces of amylic alcohol which separate with difficulty ; it is then washed 
with water, dried over chloride of calcium and finally rectified over lead 
oxide. Amyl acetate is a colourless liquid, boiling at 125° ; its density is 
0’876; it is insoluble in >vater, but soluble in alcohol and ether. 
Its aromatic ethereal odour, recalling the pear, has caused confec- 
tioners to use it in certain saccharine preparations. It likewise enters 
into the composition of some perfumes, so as to impart to them a more 
pleasant odour, as well as into certain extra fine petroleum products 
{pe'troles de luxe). 

Acetone (CH3OCH3). Acetone hif the Drtf DistiUalion of Acetate of 
Lime. — The acetone industry, owing to the numerous applications of 
this product, is at the present day of some importance. Not only is an 
appreciable amount consumed in France for the manufacture of MeAhylene 
type Regie (that is a mixture of 25 per cent, of acetone and 75 per cent, 
of methyl alcohol for the denaturation of alcohol for French industrial 
purposes), but it is also used in the manufacture of celluloid and various 



SECONDARY PRODUCTS OF WOOD DISTILLATION 


85 


varnishes. Great Britain, likewise, uses an important amount for the 
manufacture of its smokeless powders ; finally it is used in the manu- 
facture of chloroform. Acetone is produced in the dry distillation of 
acetates, and especially, as demonstrated by Chenevix, of acetates, the 
oxides of which can only be reduced with difficulty. The acetates of 
lime and baryta are those which yield the largest proportion. By 
heating acetate of lime to a certain temperature it splits up into ace- 
tone and carbonate of lime, Ca = CaC03 + CH3COCH3 ; 

alongside this principal reaction, secondary products are formed from 
the decom}K)sition of lime salts of fatty acids, homologous with acetic 
acid, existing in the acetate of lime together with hydro carbides, due to 
the presence of tars which, when the temperature goes beyond 400'^ C. 
(752° F.), deeompose and distil. Moreover, as the acetate of lime often 
contains an excess of lime, the latter reacts on the acetate to form 
methane (marsh gas), (CH3C0.2)'^ Ca + Ca(OH)- = 2CaC03 + 2CH^. Hence 
a portion of the acetone, which from the amount of acetic acid in the 
pyrolignite of lime ought to be obtained, is lost, a loss which is increased 
by the decomposition of a portion of the acetone on the metallic sides 
of the still. Care, therefore, should be taken in this manufacture to 
secure a uniform heat and regular but powerful agitation of the contents 
of the still. Theoretically, 100 lb. of pyrolignite of lime containing 80 
per cent, of acetate of lime, ought to yield .30 lb. of acetone ; practically, 
with the best plant only 25 Ib^ are obtained, which, after rectification, 
only yield 20 lb. of acetone per 100 lb. of acetate of lime. 

Installation of an Acetone Factory. — As in the case of every industry 
in which condensers consisting of coils immersed in water are used, it 
is necessary to build the factory in proximity to as abundant a supply of 
water as possible. Tlie reservoirs (storage tanks), for the different dis- 
tilled and rectified products, are installed so as to avoid fire. The stills, 
boilers, engines, dynamos, pumps are arranged as in the plan of a wood 
charcoal factory. As just said, the manufacture of acetone consists in 
distilling acetate of lime in a retort at a temperature which reaches a 
dull red heat. Water is added to the crude acetone, collected at the 
condenser, to separate the oils which float to the top, it is then rectified, 
which yields pure acetone, methylethyl acetone and other acetone oils. 
The decomposition of acetate of lime is effected in cast-iron retorts 
fitted with an agitator, as in the manufacture of acetic acid by sulphuric 
acid (Fig. 53). About 300 kilogrammes (66O lb.) are distilled in one 
charge in these retorts. The heating of the retort, which some years ago 
was done in a bath of molten lead, so as to secure a uniform heat, but 
had the defect of rapidly converting the lead into oxide of lead in contact 
with the air, is now done by naked fire. So as to avoid overheating and 
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SO as always to secure uniform heating, the hearth, with a fire bridge, 
is placed at a certain distance from the bottom of the pan, thus forming 
a rather large heating chamber, to avoid too great variations of tempera- 
ture by irregular stoking. A dust chamber should be installed between 
the pan and the condenser to stop the dust produced, which might 
otherwise obstruct the condenser pipe. For a daily production of 
1 ton of acetone, five retorts are required. Above the retorts is a floor 
on which the pyi-olignite of lime is stored, which is afterwards fed into 
the retorts through a wooden hopper with a channel which enters into 
the manhole of the retort. In small installations, the retorts are 
charged by emptying the sacks into this manhole. The pan is heated 
gently to cherry red, then the acetate of lime is ran in, the manhole 



Fig. o 3.— Plant for the manufacture of crude aeetojie. 


closed and the lid luted, after which the agitator is })ut in motion. The 
first vapours which escape are led to the chimney, because they consist 
in great part of water ; after some minutes a stoppage occurs, which 
necessitates an increase in the heat, so as to start the distillation properly 
so called of the acetone. The vapours are then led to the condenser, 
consisting of rectilinear pipes, conne^-ted on the outside w ith the tank 
by elbow's ; this arrangement enables the coil to be easily cleaned, as it 
always retains entrained dust in spite of the dust chamber in front of it. 
The condensed liquid has a more or less brown colour, due to the hydro- 
carbides which it contains and to entrainment of salts of lime in the 
foiTO of dust. Towards the end of the distillation, the condensed pro- 
duct flows drop by drop, then the goose-neck begins to cool ; when this 
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occurs steam is injected into the retort so as to carry over a portion of 
the gas and dilute the remainder, so as to avoid the sudden inflammation 
of the gas contained in the still very hot retort when it is opened. 
The residue of the operation which is valueless is in the form of a fine 
grey powder still possessing an empyreumatic odour. The crude acetone 
is collected in a cast-iron cylinder fitted with an agitator ; it has an 
average density of 0*930 and contains 30 to 60 per cent, of pure acetone. 
Water is added until it only contains 30 per cent, of pure acetone, 
then slaked lime, and the liquid is stirred for some time to neutralise 
free acid ; it is then allowed to settle, when the solution separates into 
two layers : (1) A lower layer which is a dilute solution of acetone ; (2) 
an upper and darker layer (due to the tar that it contains), whicli con- 
sists principally of acetone oils, the major portion of which is thus 
separated from the aqueous layer. Each of these liquids is sent to a 
different storage tank. The acetonic liquid is then distilled in a column 
still, taking care to separate the first runnings, which are slightly 
coloured and contain aldehydes, amines, etc., from the milky last run- 
nings, which contain the higher acetones. There are collected apart : (1) 
The products which after the first runnings still contain oils and become 
turbid on addition of water; (2) those which mix in all proportions 
with water, yet decolorise permanganate in solution ; and finally (3) the 
most important as regards quality, products which give no reaction with 
permanganate of potash and which are put on the market directly. The 
portions which contain the oils are agitated with water once more so as 
to separate them ; the solution containing a little acetone is run into 
the crude acetone store tanks to be re-treated. To purify the fraction 
decolorising permanganate, the amount of this salt necessary for treating 
a given volume is determined in the cold state, then the corresponding 
weight of permanganate solution is added to the acetone, which is 
again rectified. In this tiist illation, which ought to be carried out with 
care, the portions of pure acetone, which pass between oiV and 58° G. 
(132 8° to 136*d° F.), are collected apart for use in the manufacture of 
chloroform and iodoform. The acetone thus prepared marks 98 to 99 
per cent. 

Treatment of the Tar. Distillation o f the Crude Creosote . — The tar, 
separated from the crude pyrcjigneous acid by decantation, as well as 
that precipitated in the distillation of pyroligneous acid, forms a mix- 
ture consisting of water, saturated hydrocarbides, whether liquids, or 
solids like paraffin, compounds of the aromatic series, like benzol, 
toluol, carbolic and cresylic phenols as well as naphthalene. When it is 
simply sought to free the tar from water and from light products, so 
as to put it on the market, a copper pan, heated by a coil (Fig. 54), is 
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used, in which the distillation is conducted with precautions to avoid 
priming of the tar. The water distils over, bringing acetic acid, alcohol 
and light oils in its train, until the distillate flows drop by drop. From 
20 to 25 per cent, of distillate is collected in this way. The tar is 
afterwards run off* from the apparatus, passing it through a cooler, be- 
fore storing it in barrels. According to whether the tar comes from 
the partial carbonisation of wood, or from distillation in closed vessels, 
it possesses different properties^ which properties, again, vary with the 
nature of the wood distilled. When it is desired to distil the tar com- 
pletely, so as to extract the phenolic oils (or crude creosote) from it and 
the pitch, the crude tar is distilled in cast-iron stills similar to those used 
for petroleum residues, but smaller, 39 inches wide by 78 inches deep 



Fiu, 54. — Continuous working plant heated by steam for dehydrating wood tar. 

(Fig, .55). These stills are cylindrical, with a concave bottom ; they have a 
pipe in the bottom, with a tap for running out the pitch, protected 
from the action of the fire by a small masonry arch, and wide enough to 
obviate all hitches in running out the pitch. Wrought-iron taps suit 
very well for this class of work. The lid, surmounted by a dome, the 
goose-neck, and all which follows it, are generally made of copper. At 
the end of the condenser is a siphon„ which acts as a liquid seal, to 
allow the uncondensable gases to escape to the outside, or to be aspir- 
ated by a pump and propelled to a gasometer, from which they issue 
through special piping, to be burned in the furnaces. The still being 
charged with about I ton of tar, the mass is heated rapidly until the 
copper still-head commences to become lukewaim, the fire is then 
moderated, and the distiller, to avoid all priming, waits until the first 
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portions distilled issue from the exit of the condenser. The distilled 
products are collected in a separator (Fig. .56), a sort of cast-iron case 




containing a vertical partition, which forces the aqueous jX)rtioii to 
separate from the oils. All these products are fractionated into different 
categories, according to wliether they contain both alcohol and acetic 
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acid, acetic acid alone, and, finally, crude creosote. The distillation 
lasts twelve to fifteen hours according to the products which it is 
desired to obtain. From the quantity of tar distilled, there are col- 
lected on an average (a) between 110° and 120“ C. (230° to 24*8° F.), 
from 100 to 150 litres (22 to 33 gallons) of a mixture of water, acid, 
alcohol, and light oils of density 0*700 to 0*800; (6) above 120° up to 
230” C. (248° to 446° F.), from 200 to .300 litres (44 to 66 gallons) of 
heavy oils are collected. These oils contain 10 to 15 per cent, of 
creosote, if the tar be the product of the distillation of hardwood (oak, 
hornbeam, beech) ; and 6 to 7 per cent, only, in the case of soft woods 
(birch, poplar, chestnut). The residue in the retort, about 6 per cent., 
constitutes the wood pitch, which at the temperature at the end of the 
distillation, 260° to 280° C. (500° to 536° F.), is very fluid but inflammable 
in the air ; it is allowed to cool for several hours in tire still before 
discharging it. The pitch is then run into extinguishers, or into 
petroleum barrels, sawed through the middle, which are filled directly 
and thus put on the market. Or the pitch may be run into a flat 
cooling tank, which, to prevent the product becoming kindled in the 
air, is covered with a wrought-iron plate, with only an opening for 
receiving the liquid pitch ; after cooling, the pitch is broken up and 
packed in casks. The pitch obtained by the distillation of the tar is 
not only used in making coal blocks (briquettes), like coal-tar pitch, 
but it is also employed in the manufacture of artificial asphalt, certain 
varnishes, and coatings, like the caulking used in the mercantile marine 
or navy. As to the heavy tar oils, chiefly from beech tar, they are the 
source of creosote and guaiacol. 

Purijication of Creosote . — Crude creosote is again distilled, to 
separate first the 30 per cent, of acetic acid which it still contains, 
then the portions passing between 195° and 220° C. (383° to 428° F.), 
which constitute, the phenic (carbolic) acid, the cresylic phenol and 
the creosol. The oil obtained being somewhat coloured, it is treated 
with its own volume of a solution of caustic soda of 36° B. (53° Tw.), 
sp. gr. 1*265, in a washing apparatus, with a conical bottom, bearing 
in the interior (Fig. 57) a helical agitator for mixing the mass and a 
steam coil to heat the liquid, so as to separate the greater part of the 
heavy oils in suspension. The phenyl and the creosote combine with 
the soda. It is allowed to settle for some time, then the aqueous 
solution is decanted into a still, into which steam is injected to expel 
the hydrocarbides which have not combined with the soda. Steam 
is injected into the still until a sample, taken from the interior, is 
limpid like water and does not turn milky on the fresh addition of 
water. The solution is allowed to cool, and the oily portion which 
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floats to the top is again decanted, then the soda solution is treated 
by a mineral acid, like hydrochloric acid or sulphuric acid, or, better 
still, by carbonic acid, which, in this case, is passed in at the lower part 
of a column, whilst the soda solution is run in at the top. The 
ereosote liberated in this way is fractionally distilled in copper stills 
with column rectifiers (Fig. 58), so as to obtain a first separation of the 
phenic (carbolic) acid, collecting apart that which distils between 150° 
and 195° C. (302° to 383° F.), then the liquid passing between 195° 
and 220° C. (383° to 428° F.) which is chiefly creosote. This latter portion 
undergoes three different rectifications in the column apparatus. In 
each rectification the products passing between the same temperatures 



Fig. 57. — Agitator for the treatment and steam distillation of wood-tar oils. 

are collected in the same reservoirs : (a) 195° to 205° C. (383° to 401° F.) ; 
(5) 205°to215°C. (401° to 419° F.) ; (c) 215° to 225° C. (419° to 437° F.). 
This necessitates three reservoirs for the products of the first rectifica- 
tion, three others for those of the second rectification, and, finally, three 
other reservoirs for those of the third rectification ; into these are run 
the products passing between the same temperatures and coming 
from the rectification of one of the three liquids collected in the 
previous rectification. Finally, three fairly homogeneous liquids are 
obtained : (a) the products boiling between 19o° and 205° C. (383° to 401° 
F.) or 20 per cent, guaiacol ; {b) the products collected between 205° 
and 215° C. (401° to 419° F.) which constitute crude officinal 80 per cent. 
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creosote ; (<■) between 21 0 ° and 225“ C. (419“ to 437“ F.) the creosote from 

sodaoT36““rX T ‘=<»"l>ination with 

soda ot 36 B. (66 Tw.), sp. gr. 1 -33, then a distillation by entrainment 

Lenar /■ « **e«ting of the mass, result in the 

p paratmn of prime quality eompounds. To obtain white creosote 
creosote previously obtained is distilled m maw ; a yellow creosote 

1 "Stained, which IS rectified a second or a third time if need be To 

p. epare crystallised guaiacol the 20 per cent, guaiacol is distilled. The 



Fw. OH. Still '"‘h column for fractionating tar oils heated by naked lire or by 
-team at the atmo.spheric pressure or m vacuo. 

monophenols are first separate.l, then the liquid collected afterwards 
T placed in glass vessels, in a freezing machine, where it is refrigerated 
The crystals so oOtained are centrifuged in a small enamelled turbine' 

F«cL r r/y / " 1- C/wraw/ 

clones. LhkwUon oj Hood .V«,rrf«,vf._Wood sawilust, which is a 
cumbrous waste product in certain industries, where it cannot be 
Mrectly used as fuel, although at the present time ingenious furnaces 

fitabl installed, may be pro- 

fitably utilised m many ways. When a sufficient quantity is Lllected 

to warrant the erection of a first installation, it is distilled, as already 
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described, so as to extract wood-spirit, acetic acid and powdered 
charcoal. The manufacture of oxalic acid, according to Capitaine and 
Herlings’ process, and of glucose, then of ethyl alcohol, consume a 
certain quantity. Again, wood sawdust is used in the purification of 
gas and in the filtering of oils purified by sulphuric acid. Finally, 
excellent coal blocks or briquettes are made from it, although it is 
difficult to get it to segregate, by mixing it with coal tar, glue and an 
alkaline rosinate. In Austria, wood sawdust is dry heated until the 
moment before it begins to gasefy, when the tarry ingredients, which it 
contains, separate from it ; they are then ready to serve as an agglutin- 
ant. The sawdust is at once passed to the hydraulic press which 
moulds it into briquettes, sufficiently consistent to bear transport with- 
out crumbling. 



Fi(i. ot).-— Plant for the distillation of creosote. 

Manufacture of (Iralic JcvV/.— Oxalic acid is produced in numerous 
reactions and, more especially, by the oxidation of organic matters. 
The action of nitric acid on alcohol, glycol, sugar, starch and on cellu- 
lose yields oxalic acid. In the same way fused potash acting oii sugai, 
starch, pectic acid and on wood sawdust produces oxalic acid. It is 
this latter reaction, indicated by Vauquelin, then by Gay-Lussac, that is 
utilised commercially, at the present time, to produce oxalic acid very 
cheaply after the old process of Roberts, Dale & Co., of Manchester, 
on which some improvements have been made. The wood sawdust, 
from which oxalic acid is made, is first brought to the state of paste by 
mixing it with an alkaline solution marking 3/ to 38 B. (69 to 12 Tw.), 
sp. gr. 1*345 to 1*360, and consisting of potash and soda in the proportion 
of one equivalent of the former to two equivalents of the latter. When 
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it is desired to make oxalate of potash only, then caustic potash alone 
should be used. To 100 lb. of sawdust, 300 to 350 parts of real alkali 
(R.,0) are added in solution. In the beginning of this industry the paste 
obtained was spread on thin layers on iron plates, which were gradu- 
ally heated from underneath, care being taken to stir the mass. Now, 
however, this carbonisation is effected in a horizontal cylindrical retort, 
capable of revolving on its axis, in which an archimedean screw revolves 
in an opposite direction. This. retort being heated to dull redness, the 
mixture swells and intumesces during the evaporation, with generation 
of gases, which are burnt underneath the furnace. The archimedean 
screw, which continually shifts the mixture of sawdust and alkali, con- 
veys the carbonised material to the other end of the retort, whence it 
is run into trucks which convey it to the lixiviation house, where the 
alkaline oxalate is extracted. For this purpose the charred mass is 
taken up by a certain amount of water at 10° to 20° C. (50° to 68° F.) ; 
this dissolves the alkaline oxalates, which are more soluble in cold than 
in hot water. The liquid is, after setting, decanted and evaporated to 
dryness. The oxalates are again taken up by cold water, the solution 
brought to the boil and treated by lime to precipitate oxalic acid, and 
regenerate the caustic alkalis which remain in the liquid and can be 
utilised for a subsequent operation. The precipitate of oxalate of lime 
is washed with water, then decomposed by a slight excess of sulphuric 
acid so as to liberate oxalic acid. According to Chandelon, one mole- 
cule of oxalic acid requires three molecules of sulphuric acid. The 
salt is rubbed up with water to a thin paste, and the requisite amount 
of sulphuric acid at 15° to 20° B. (23° to 32° Tw.), sp. gr. 1*115 to 1 *160, 
is added with stirring. After adding water it is heated for a few hours, 
then filtered to separate the sulphate of calcium. The solution of 
oxalic acid, after ev^aporation, is left to crystallise in lead vessels ; but, 
as the crystals of oxalic acid so obtained are slightly coloured, they are 
purified by simply redissolving them in water and recrystallising them. 
The residue, left by exhausting the carbonised mass with cold water, is 
calcined in a reverberatory furnace ; it yields a mixture of carbonate of 
potash and soda, which is caustified by lime for use in a subsequent 
operation. From 100 lb. of wood sawdust 50 to 60 lb. of oxalic acid 
are obtained, and as in this process l^ie alkalis are used over again, 
the greatest expense is coal, of which 40 lb. are required to make 1 lb, 
of oxalic acid, which enables oxalic acid to be prepared 50 per cent, 
cheaper than that obtained by the action of nitric acid on starch or on 
moIa.sses. Gouley, in his process, subjects the sawdust to a prelimin- 
ary purification by levigating it with boiling water, which extracts the 
tannic acid which it contains. The yield, he says, is increased. 



SECONDARY PRODUCTS OF WOOD DISTILLATION 


95 


Table XIL— Showing the Amount op Oxalic Acid Obtained from the same 
Quantity of Sawdust Treated by Mixtures of Potash and Soda in Different 
Proportions 


Ratio 

KHO to NaHO. 

°c. 

Oxalic Acid 
per cent. 

Ratio 

KHO to NaUO. 

°C. 

Oxalic Acid 
per cent. 

0:100 

200-200 

33-14 

40 : 60 

240-250 

80-57 

10 : 90 

230 

58-30 

00 : 40 

240-250 

80-08 

20 : 80 

i 240-250 

74-(5fi 

80 : 20 

245 

81-24 

30 : 70 

240-250 

70-77 

100:0 ! 

240-250 

81-23 


Oxalic acid crystallises with two molecules of water of crystallisa- 
tion. It drys completely, but very slowly, in a dry atmosphere. It is 
used in very large quantities in calico printing so as to remove, in cer- 
tain points, either the mordant or the dye, so as to obtain by the 
absence of colour on the points impregnated with oxalic acid any de- 
sired design. Oxalic acid is also used to make blue ink from Prussian 
blue. 


Table XIII.— Showing Density of Solutions of Oxalic Acid of Different 
Strengths at 17"^ C. (62*6® F.) 


Density. 

Per cent. 

Den.sity. 

Per cent. 

Den.sity. 

Per cent. 

1-0035 

1 

1-0210 

6 

1-0385 

11 

1-0070 

2 

1-024O 

7 

1-04-20 

12 

1-0105 

: 3 

1-0280 

8 

1-0455 

13 

1-0140 

4 

1-0315 

9 

1-0490 

i 14 

1-0175 

; 5 

1-0350 

! 10 

1-0525 

; 15 


Manufacture of Briquettes {Coal Blocks) from Wood Charcoal. — The 
waste from the carbonisation of wood char dust and the smalls produced in 
the carbonisation of twigs, have been used for some years in making small 
briquettes or coal blocks, sometimes termed Paris coal. In making these 
briquettes, glue or pitch is generally used as an agglutinant, and salt- 
petre to make them burn more readily. The charcoal waste is fii’st 
ground and sifted and then triturated with saltpetre and a solution of 
strong glue (when glue is used) of 15 per cent, strength, in a circular 
trough by two conical cast-iroiv grooved millstones. When sofc 
pitch or hard pitch is used to make this block fuel, the char dust, the 
pitch and the saltpetre are ground in the mill, then the mixture is 
heated in a mixer by steam jets which penetrate into the mass, melt 
the pitch and bring the paste to the right consistency for good mould- 
ing. This paste is then fed into a dLstributor (Fig. bO), th^ dimensions 
of which are calculated so as only to let enter into the compression 
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mould the quantity of the mixture necessary to make briquettes from 
it, which are then passed to the stove. For that purpose they are 
piled on trucks with shelves, which are run into a continuous drier, 
arranged so as to dry them gradually. The trucks enter the end of a 
long masonry alley, which acts as a stove, and leave it by the hottest 
part. A current of hot air, heated to about 70° C. (158° F.) by branched 
pipes, circulates in an opposite direction to the trucks. In the manu- 
facture of Paris coal, the charcoal waste, previously moistened with 10 
to 12 per cent, of water, is reduced to the state of rough powder ; it 
is then triturated in the trough of a millstone mill, with about 30 per 
cent, of coal tar or molten soft pitch. Certain factories even use pul- 
verised hard pitch. When the paste appears quite homogeneous, it is 



Ei<.. 60. — Machine for making wood charcoal bri(iuettes or coal blocks with hori- 
zontal piston. 

shovelled into a special machine (Fig. 6l), from which it issues moulded 
into small cylinders on an endless chain, from which they are taken, to 
be placed in wrought-iron boxes of a certain sort. The boxes, full of 
cylinders of moulded paste, are afterwards furnaced in one of the muffles 
of a furnace, where they are carbonised ; during this carbonisation 
the hydrocarbides of the tar are decomposed, gases are given off, which 
escape through holes made in the muffle, and are conducted back into 
the furnace, where they may suffice for the production of the heat 
necessary to complete the carbonisation of the coal block. This muffle 
furnace may be continuous. Carbonisation is complete when no more 
smoke is disengaged from the holes made in the muffle. The contents 
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of the muffle are run into wrought-iron extinguishers, the lids of which' 
are luted so as to avoid all access of air, which would infallibly lead to 
a consumption of fuel in sheer loss ; six or eight hours afterwards the 
extinguishing is complete, and the product is sent to the warehouse/ 
Paris coal having the advantage, when a bright quick fire is not desired, 
of yielding a more easily regulated heat, is much used in laboratory 
operations and in domestic economy. 

Manufacture of Carbonate of Potash (KgCOg). — Among the different 
commercial sources of which advantage is taken to manufacture car- 
bonate of potash there is one, viz.j the ashes of plants, which falls within 
the scope of this treatise. The greyish residue termed ash, left by plants 
when burnt, contains potassium, generally as carbonate mixed with the 
chlorides, sulphates, phosphates or silicates of the different alkaline bases. 
The carbonate of potash is separated from the other salts by systenjati- 



Fm. 61.— Machine for making Paris coal and briquettes for small heating appliances. 

cal levig^ition. All plants are far from leaving ashes of the same 
composition ; those which grow on the sea-shore particularly contain 
soda salts, whilst inland plants are especially rich in potash. As to 
the amount of ashes produced, it likewise varies according to the source 
of the plants and the nature of the soil on which they have grown. In 
this way herbaceous plants leave a larger residue on ignition than 
ligneous plants. 


Table XIV. — Showinu the Aveuage Pd;KCENTAGE of Ash in Ceutain Plants 


Plant. 

Ash 

per cent. 

Plant. , 

l>er cent. 

Plant. ^ 

per cent. 

j Alder . 

1 Hornbeam . 

1 Pine . 

0-40-0-55 

1 0’60-l-30 
0-80-1-10 

Oak . . 1-80-3-3 

Charlock . 4-00-4'5 

Wheat Straw . 4-o0-6-3 

Vine twigs . 4'60-7'75 

Pea stems . ; 11-30 

Potato stems . | 15*00 
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The ashes contain a soluble portion consisting of carbonate of potash, 
sulphate of potash and chloride of potash accompanied by traces of 
silicates, and an insoluble portion consisting more especially of carbon- 
ate of lime with a little phosphate and silica. The incineration of 
plants, for the extraction of potash, is practised in countries where forests 
abound and the means of transporting wood difficult, as, for example, ip 
certain American countries. The herbaceous plants which cover the 
immense steppes of Russia, and the brushwood, which is supplied by the 
German or by the Vosges forests, are likewise a source of carbonate of 
potash. The plants, dried by long exposure to air, are burnt, either in 
pits about 1 metre (3*28 feet) deep, or on plane, well-beaten surfaces 
sheltered from the wind. Their combustion should be slow, because 
with too brisk a fire a part of the ash would be scorified (clinker) by the 
silica contained in the plants. The fire is fed until the pit is full, or until 
there is on the plane surface a sufficient amount of ashes. These are after- 
wards screened before being lixiviated. The ashes are lixiviated in casks 
or in vats, having the form of a reversed truncated cone, fitted with a per- 
forated double bottom, resting on supports which keep it about a few 
centimetres above the bottom, which is fitted with a bung or a lateral 
tube, by which the lye can be run out into a gutter, above which are 
several similar casks. Generally six casks are used for the levigation ; 
one is being charged whilst the other is being discharged. The ashes, 
moistened with cold water twenty-four hours previously, are lightly 
packed on the perforated false bottom covered with straw ; this addition 
of cold water to the dry ash not only facilitates levigation afterwards, 
but increases the yield in carbonate of potash ; the silicate of potash 
is decomposed, under the influence of the carbonic acid of the air, 
into carbonate of potash and silica. 

The ashes, contained in the freshly charged vat, are covered with 
straw and w'ashed with a feeble lye from a vat, the exhaustion of which 
is nearly complete. A vertical pipe, rising from the double bottom and 
passing through the ashes, allows the air to escape and make room for 
the liquid. The vat is thus filled and started ; about four hours after- 
wards the lye, wffiich then contains 30 per cent, of soluble salts, is run 
off and evaporated. The exhaustion is stopped with the last vat, which 
is allowed to drain; its solid residue constitutes charree, which, in virtue 
of the phosphate of lime and organic matters which it contains, presents 
a certain value as a manure ; it is also used in the manufacture of or- 
dinary bottle glass. In France, in some factories, the old lixiviation 
process is still pursued ; the vats used have neither false lK)ttom nor 
stopcock, but in the centre of the bottom is a hole in which a central 
pipe, open at both ends, is fixed, and formed of several trunks, which 
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can be separated and withdrawn as desired. The ashes, which fill two- 
thirds of the vat, are intimately mixed with the liquid, which is added 
thereto for lixiviation. They are then left to rest for some hours. The 
solid matters are deposited below a layer of clear liquid, which is de- 
canted by removing from the central pipe a sufficient number of pieces ; 
when the operation is finished, the pipe is fixed up again for a second 
levigation, and so on. 

Evaporation of Lyes and Calcination of the Salts, — The lyes are 
evaporated in shallow, wrought-iron or cast-iron pans, into which fresh 
lye is being continuously added, until a sample of the liquid solidifies 
whilst assuming a crystalline|form. At this moment the fire is moder- 
ated. A brown crystalline crust is deposited on the sides of the pan, 
which goes on increasing in proportion as the evaporation proceeds ; 
when it is finished, the pan and contents are allowed to cool, and 
the crude dark brown potash, still containing 6 per cent, of water, 
is detached with a. chisel. It is termed salin or potasse cassee 
(crushed potash). This method of evaporation speedily wears out the 
pans, by the overheating to which they are exposed, when the salt 
adheres to the bottom (this may also cause an explosion). A better 
process is to stir the liquid continually with a poker as soon as it 
assumes a pasty condition. Drying is thus facilitated and any deposit 
of salt on the sides of the pan is prevented. The potash obtained in 
this way contains 12 per cent, of hygrometric water and is known in 
commerce as potasse brass^e. In certain factories the greater part of 
the sulphate of potash which accompanies the carbonate of potash in 
the lyes is separated by taking advantage of the different solubility 
in the two salts. For this purpose the lyes are concentrated to the 
desired extent ; they are then left to cool in wooden vats which are fre- 
quently stirred. The greater portion of the sulphate of potash is de- 
posited in crystals ; the supernatant solution is then decanted and 
evaporated as described above. In certain German factories three 
pans are used to evaporate the lyes. A start is made by heating the 
liquid in the first pan, that farthest from the furnace, then it is passed 
to the second pan, where it is brought to a syrupy consistency. 
Finally, the evaporation is completed on the sole of a reverberatory 
furnace. ^ 

Calcination of the Crude Potash, — ^The object of calcination in the 
air is to destroy all the organic matters which the salt contains and 
which discolour it, and to eliminate the 6 per cent, of water which it 
contains. The operation is conducted on the sole of a reverberatory 
furnace, capable of taking a charge of 1*2 metric tons (say 24 cwt.) of 
crude potash, heated to dull redness by lateral fires, and fitted with a 
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draught chimney in front and above the opening of the sole of the 
reverberatory furnace. A start is made by heating the walls of the 
furnace, then the crude potash is introduced, generally dividing the 
charge into tiers, and spreading it uniformly over the whole surface of 
the sole. The salt is stirred by a crowbar through a loophole, on a 
level with the sole of the furnace, so as to facilitate the dehydration 
and promote the access of the air which burns up the organic matter. 
A slow fire is kept up, stirring briskly so as to prevent the mass fusing. 
The salt whitens gradually, and when the operation draws to a close, 
that is to say after about six hours’ heating, a workman crushes the 
lumps by aid of an iron spatula. The granulated potash is then with- 
drawn by a hoe and is left to cool on a space for the purpose in front 
of the furnace. Potashes so obtained are sometimes coloured red, 
yellow, or bluish-green, by oxide of iron or manganese. This shade is 
generally distinctive of its origin. The finest potash is white. It is 
termed pearl ash (perlasses, cendres perlees). 

Refining . — When it is desired to extract commercial carbonate of 
potash from crude potashes, they are treated in the cold state with their 
own weight of cold water ; the carbonate of potash, which is very sol* 
uble, dissolves almost alone, whilst the sulphates, chlorides, etc., 
remain insoluble, owing to their slight solubility, in a solution of car- 
bonate of potash. The liquid, after decantation and evaporation, yields 
refined potash or commercial carbonate of potash, which always contains 
a little carbonate of soda. 



CHAPTER V 


ANALYSIS OF RAW MATERIALS AND FINISHED PRODUCTS 


The analytical methods used in the industrial chemistry of wood, to be 
described in this chapter, may be divided into two sections : A. Analy- 
sis of Raw Materials ; B. Analysis of Finished Products. 

A. Analysis of Raw Materials: 1. Lime . — Lime is used, as already 
mentioned, to neutralise the pyroligneous distillate ; it is also used, in 
small quantity, in the rectification of wood-spirit. For the first purpose, 
which is the most important, so as to obtain the best yield, the lime 
ought to be free from magnesia, since 100 parts of acetic acid only 
yield 118 parts of acetate of magnesia instead of 131 parts of acetate 
of lime. Moreover, the lime ought to be almost entirely soluble in 
acetic acid. Consequently it should contain but little silica and sili- 
cates, which, during the preparation of pyrolignites, increase the amount 
of mud in the filter presses, which one cannot dream of washing on ac- 
count of the expense entailed, A large percentage of magnesia and 
silicates is recognised by the way the lime slakes in water ; a complete 
quantitative analysis will determine in a more sure way the amount of 
impurities present in the lime. Beaume’s areometer dipped into a 
solution of 100 grammes of quicklime per litre (1 lb. per gallon) 
will give rapidly and exactly enough the percentage of lime by the 
following table : — 

Table XV.— Suowixg the Percentage of (CaO) Quicklime in Milk of Ldie of 
Different Densities 



Density. 

Lime in 1 Litre 
in Grammes.^ 


Density. 

Lime in 1 Litre 
in Grammes.' 

1 

1-007 

7-5 

14 

1-108 

137 

2 

1-014 

16-5 

15 

1-116 

148 

3 

1-022 

26 

16 

11-25 

159 

4 

1-029 

36 

17 

1-134 

170 

0 

1-037 

46 

18 

1-142 

181 

0 

1-045 

56 

19 

1-152 

193 

7 

1-052 

65 

20 ; 

1-162 

206 

8 ! 

1-060 

75 

22 i 

1-180 

229 

9 

1-067 

84 

24 

1-200 

255 

10 

1-075 

94 

26 , 

1-220 

281 

11 

1-083 

104 

28 : 

1-241 

309 1 

12 

1-091 

115 

30 1 

1-263 

339 1 

13 

1-100 

126 

i 


1 

1 


1 Or lime in 100 imperial gallons in lb. 

( 101 ) 
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Quantitative Analysis : (1) Water, — Ten grammes of the pulverised 
lime are dried at 110° C. and the loss determined. 

(2) Insoluble in Acetic Acid. — One gramme of the pulverised lime is 
dissolved in acetic acid, boiled, filtered through a tared filter, dried 
and weighed. 

Total Alkali. — A few drops of litmus or phenol phthalein are added 
to the milk of lime diluted with water, and normal hydrochloric acid 
added until complete neutralisation is effected. 

Magnesia. — ^The amount of magnesia present in lime is determined 
by the difference in the results previously found with the lime, esti- 
mated by Mohr s process, which consists in taking 25 c.cm. of milk of 
lime at 2 grammes per litre, to which 25 c.cm. of decinormal oxalic acid 
is added. Ammonia is then added drop by drop so as to render the 
liquid slightly alkaline ; it is then boiled to precipitate the lime com- 
pletely as oxalate, and after cooling the whole is run into a 200 c.cm. 
flask, and the volume made up to the mark with water. The oxalate of 
lime is filtered off, 100 c.cm. of the liquid taken, 10 c.cm. of concen- 
trated sulphuric acid added, and the oxalic acid, not transformed into 
oxalate of lime, determined by titration with permanganate, from 
which the amount of lime which has remained on the filter as oxalate 
of lime is deduced. 

2. Sulphuric Acid. — Beaume's areometer ^ will give a first indication 
of the strength of this acid, using Lunge and Isler’s table. Sulphuric 
acid is estimated by a normal solution of caustic soda, the percentage 
of which has been tested in presence of phenol phthalein, for example, 
by a normal solution of pure oxalic acid at 63 grammes per litre, or by 
normal sulphuric acid at 49 grammes per litre. One hundred grammes 
of the sulphuric acid to be tested are weighed out, made up to a litre 
with water at the surrounding temperature, then 10 c.cm. are drawn 
off, a few drops of an indicator like phenol phthalein added and the 
normal soda solution run in. X being the number of cubic centimetres 
of soda added to cause the indicator to change colour, the percentage 
of sulphuric acid is got by the equation 

Nx 0*049 X 100. 

B. Analysis oj Finished Products: 1. Pyrolignite of Lime. — A fair 
average sample is taken and prepar^^d representing the bulk of the lot 
of pyrolignite of lime, of which an exact analysis is to be made. Several 
processes are employed to determine the strength of pyrolignite of 
lime : (1) 100 grammes of pyrolignite of lime are triturated in a test 
glass on foot or a mortar with boiling water ; the liquid is filtered, and 
the lime precipitated in the filtrate by ammonium oxalate. The pre- 
^ Twaddell’s hydrometer is invariably used in Britain. — Tu. 
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cipitate of oxalate of lime formed is filtered after a short time, then 
washed and dried ; it is then moistened with nitric acid and calcined. 
The lime obtained is weighed after cooling. The amount of acetic 
acid necessary to saturate the lime found is determined by calculation, 

120 

by multiplying the weight of the lime by ^^ = 2* 143. As, by this 

process, it is taken for granted that all the lime which is dissolved in 
water is in the state of pyrolignite, the result obtained is a little too 
high, because, as already mentioned, pyrolignite contains free lime. 
(2) 100 grammes of pyrolignite of lime are treated with 90 grammes 
of commercial hydrochloric acid ; the substances are left in contact for 
some hours, after which the liquid is distilled in a tubulated retort, 
fitted with a bromine tube and a condenser; when the distillation of 
the acetic acid appears to be finished, 100 grammes of water are added 
to the retort and the distillation and addition of water continued, so long 
as a liquid is collected having an acid reaction. The liquors A, the pro- 
duct of the distillation, are mixed and brought to a given volume, of 
which 10 c.cm., for example, are taken for titration with a solution of 
normal soda. As the hydrochloric acid added in excess distils with 
the acetic acid, a certain correction must be made, which is de- 
termined by the estimation of the hydrochloric acid contained in 
10 c.cm, of solution A. This titration is earned out by exactly 
neutralising 10 c.cm. by a solution of pure carbonate of soda free from 
chlorine ; a few drops of a saturated solution of neutral chromate of 
potash are then added, then from a graduated burette a standard 
solution of nitrate of silver is run in until the liquid becomes red ; all 
the chloride of silver is then precipitated. In that way the amount 
of hydrochloric acid in solution A is determined, from which the 
weight of acetic acid contained in 100 grammes of the pyrolignite of 
lime is deduced. (3) 2 grammes of finely pulverised pyrolignite of 
lime are run into a 500 c.cm. flask, then 20 c.cm. of pure phosphoric acid 
of 45° B. (91° Tw.), sp. gr. 1455. The flask is fitted with an india- 
rubber cork with two holes, through one of which passes a delivery 
tube, which conveys the distilled vapours to a condenser ; through the 
other passes a tube drawn out to a point wliich, reaching near to the 
bottom of the flask, conveys steajn into it produced in another flask. 
The acetic acid liberated by the phosphoric acid is entrained by the 
steam, and is carefully condensed, until the liquid which flows away 
is neutral to litmus. To attain that result, from eight to ten hours 
must be allowed for the operation and at least a litre of acid water 
must be collected ; an acidimetrical titration and a simple calculation 
give the strength, in acetic acid, of the pyrolignite of lime tested. 
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This method is frequently adopted at the present time, owing to its 
exactitude, whilst at the same time it entails but little supervision. 
Fresenius has modified it as follows: (4) 5 grammes of pyrolignite 
of lime and 50 c.cm. of phosphoric acid 45° B. are run into a 200 c.cm. 
long-necked flask also fitted with a cork with two holes. The mixture 
is cautiously heated without passing steam, then the heat is increased 
and reduced afterwards as soon as the mass assumes a very pasty 
appearance. The whole is allowed to cool slightly and steam injected 
until the distillate has reached a volume of about 150 to 200 c.cm. 
To estimate rapidly the amount of lime in a pyrolignite moisten the 
pyrolignites lightly with nitric acid, then calcine in a muffle furnace, 
cool and weigh. This gives the total lime. 

2. Acetates other than Acetate of Lime. — ^The acetic acid is estimated 
by one of the methods previously given, say, the third method. 


Table XVI.— Showin'g the Percentage op Acetate of Soda in Solution.s of the 
Salt of Various Densities 


Density. 

Per cent. 

Density. 

Per cent. 

Density. 

Per cent. 

Density. 

Per cent 

P0058 

1 

1*0488 

9 

1*0910 

17 

1*1440 

26 

L0116 

2 

1*0538 

10 

1*0966 

18 

1*1506 

1*1572 

27 

1*0174 

3 

1*0591 

11 

1*1074 

20 

28 

1*0232 

4 

1*0644 

12 

1*11.34 

21 

1*1638 

29 

1*0292 I 

5 

1*0697 

13 

1*1194 

22 

1*1706 

30 

1*0341 . 

0 

1*0750 

14 

M254 1 

23 

1*0390 ' 

7 

1*0802 

15 

1*1.314 

24 



1*0439 

8 

1*0856 

16 

1*1374 I 

25 




\\ hen it is a case of a solution of acetate of soda, the above table 
gives an idea of tiie strength of the solution. Finally, if it be desired 
to estimate the lead in an acetate of lead, it is estimated as sulphate. 
It suffices to calcine a known weight of the lead salt in a porcelain 
crucible, which is previously moistened with nitric acid, then by a 
few drops of sulphuric acid. 

3. Titration of Acetic Acid . — The titration of acetic acid is effected 
by an acidimetrical test, either by volume or by weight. The French 
excise method by volume is as follows: From 50 to 100 c.cm. of the 
acetic acid to be titrated, diluted according to its strength with 
one, two or three times by volume of water, are run into a graduated 
2o0 c.cm. flask. The solution is afterwards intimately mixed, and a 
known volume of it is then run into another graduated flask with a 
round bottom, to which two drops of a solution of phenol phthalein 
are added, then a normal solution of caustic soda is run into it gently 
until a rose coloration appears, taking care to shake after each addition 
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of soda. By a simple calculation the strength of the acetic acid is 
determined. 

To estimate the acetic acid by weight, 50 grammes of this acid are 
weighed exactly into a 500 c.cm. flask, and the volume made up to the 
mark with distilled water, then 10 c.cm. are drawn oft' with a graduated 
pipette and run into a test glass, phenol phthalein added, and a 
decinormal solution of soda run in from a Mohr s burette, with con- 
stant stirring, until a rose coloration appears. By multiplying by 
0'60 the number of cubic centimetres of soda solution required for 
neutralisation, the weight of acetic acid contained in 100 grammes 
is obtained. Mohr has given the following table of the densities 
of mixtures of acetic acid and water. 

Table XVII. — Showing the Percentage of Glacial Acetic Acid in Mixtures 


OF Acetic Acid and Water of Various Densities (Mohr) 


Per cent. 

Den.sity. 

Per cent. 

Den.sity. 

Per cent. 

Density. 

Per cent. 

Density. 

100 

10635 

82 

1-078 

64 

1-068 

46 

1-055 

99 

1 0655 

81 

1-0732 

63 

1-068 

45 

1-055 

98 

1-067 

80 

1-0735 

62 

1-067 

44 

1-054 

97 

1-068 

79 

1-0785 

61 

1-067 

43 

1-053 

96 

1-069 

78 

1-0732 

60 

1-067 

42 

1-052 

95 

1-070 

77 

1-0732 

59 

1-066 

41 

1-0515 

94 

1-0706 

76 

1-073 

58 

1-066 

40 

1-0513 

98 

1-0708 

75 

1-072 

57 

1-065 

39 

1-050 

92 

: 1-0716 

74 

1-072 

56 ' 

1-064 

38 

1-049 

91 

1-0721 

73 

1-071 

55 

1-064 

37 

1-048 

90 

1-073 

72 

S 1-071 

54 

1-063 

36 

1-047 

89 

; 1-073 

71 

1-071 

53 

1-063 

35 

1-046 

88 

; 1-073 

70 

: 1-070 

52 

1-062 

34 

1-045 

87 

: 1-073 

69 

1-070 

51 

1-061 

33 

1-044 

86 

i 1-073 

68 

1-070 

50 

1-060 

32 

1-042 

85 

1-073 

67 

1069 

49 

1-059 

31 

1-041 

84 

1-073 

66 

106)9 

48 

1-058 

30 

1-040 

88 

! 1-073 

65 

; 1-0(>S 

47 

1-056 

29 

1-039 








. 



When a very dark-coloured acetic acid has to be titrated, such as 
pyroligneous acid, for example, it cannot be done directly. In that 
case 10 c.cm. or 10 grammes of the acid to be tested are run into a 
small flask on to a known excess of barium carbonate weighed exactly. 
The whole is boiled ; barium acetate forms which dissolves ; the excess 
of barium carbonate is filtered aipl well washed ; the filter and its con- 
tents are then placed in a beaker, with a few drops of tincture of lit- 
mus, then a standard solution of nitric acid, until the liquid is acid and 
evolves no more carbonic acid on heating. The solution is then neutral- 
ised by a standard alkaline solution. The total amount of carbonate 
of baryta which has not been dissolved by the acetic acid is deter- 
mined in that way, from which the weight of the acetic acid contained 
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in the pyroligneous acid is calculated. In the case of concentrated 
acids, the properties which oil of lemons and poppyseed oil dissolved in 
acetic acid possess are utilised. Oil of lemons is easily dissolved by 
94* per cent, acid in the ratio of 1 to 10, whilst poppyseed oil only v 
dissolves in all proportions in more concentrated acid. 

Table XVIII. — Showing Congeaijng Point of Dilute Acetic Acid of Different * 
Strengths 


Water added to 
100 Parts of 
Acetic Acid. 

Percentfifre of 
Water con- 
tained in the 
Acetic Acid. 

- 

"H-- 

Water atlded to 
100 Parts of 
Acetic Acid. 

Percentage of 
Water con- 
tained in the 
Acetic Acid. 

o 

Water added to 
100 Part.s of 
Acetic Acid. 

Percentage of 
Water con- 
tained in the 
Acetic Acid. 

Congealing 

Point. 



"C. 



°C. 



"C. 

0 

0 

+ 16-7 

5 

4-761 

1 +9-4 

12 

10-774 

+ 2-7 

0*5 

0-497 

-f 15-65 

1) 

5*660 

i +8-2 

15 

13-043 

-0-2 

1 

0-980 

■f 14-80 

7 

6-542 

1 +7-1 

18 

15-324 

-2-6 

1-5 

1-477 

' 1 4 

8 

7-407 

I +6-25 

21 

17-355 

-5-1 

2 

1-961 

+ 13-25 

9 

8-257 

+ 5*3 

24 

19-354 

-7-4 

3 

2912 

+ 11-95 

10 

9-090 

+ 4*3 




4 

3-846 

+ 10-50 

11 

9-910 

; +3-6 





4. Analjjsis of Crude Wood-Spirit. Akoholomeirp. — The use of alco- 
holometers, say Gay-Lussac’s, Richter’s or Tralles’, gives directly the ap- 
proximate percentage of pure alcohol contained in crude wood-spirit. 


Table XIX. — Showing the Densities of Mixtures of Alcohol and Water Con- 
taining, PER 100 Volumes, n Volumes of Absolute .^ix'ohol ( 7 i = Degrees 
Gay-Lussac) 


I ^ 

ir 1 I 

' 1 c 




i >> 

r. 

"c £ 

<P 

neii.sity. 

Alcohol 
J‘er cent. 


J 5 

MU 

ncnsity. 1 

i 

1 j 0-999 

18 

0-978 

35 

0-960 

52 

0-932 

69 

0-893 

86 

0-848 

2 i 0-997 

19 

0-977 

36 

0-959 

53 

0-930 

70 

0-891 

87 

0-845 

3 1 0-996 

20 

0-976 

37 

0-957 

54 

0-928 

71 

0-888 

88 

0-842 

4 j 0-994 

21 

0-975 

38 

0-956 

55 

0-926 

72 

0-886 

89 

0-838 

5 ! 0-993 

22 

0-974 

39 

0-954 

56 

0-924 

73 

0-884 

90 

0-835 

6 ; 0-992 

23 

0-973 

40 

0-953 

57 

0-922 

74 

0-881 

91 

0-832 

7 ! 0-990 

24 

0-972 

41 

0-951 

58 

0-920 

75 

0-879 

92 

0-829 

; 8 ! 0-989 

25 

0-971 

42 

0-949 

59 

0-918 

76 

0-876 

93 

0-826 

i 9 1 0-988 

26 ; 

0-970 

43 

0-948 

60 

0-915 

77 

0-874 

94 

0-822 

10 1 0-987 

27 ; 

0-969 

44 

0-946 

o! i 

0-913 

78 

0-871 

95 

0-818 

: 11 1 0-986 

28 : 

0-968 

45 

0-945 

62 1 

0-911 

79 

0-868 

96 

0-814 

i 12 1 0-984 

29 

0-967 

46 

0-943 

63 j 

0-909 

80 i 

0-865 

97 

0-810 

! 13 ! 0-983 

30 

0-966 

47 

0-941 

64 ! 

1 0-906 

81 : 

0-863 

98 

0-805 

1 14 1 0-982 

31 ! 

0-965 

48 

0-940 

65 

0-904 

82 ! 

0-860 

99 

0-800 

! 15 0-981 

32 

0-964 

49 

0-938 

66 

0-902 

83 I 

0-857 

100 

0-795 

i 16 0-980 . 

33 

0-963 

50 

0-936 

67 

0-899 

84 

0-854 



i 17 ! 0-979 

34 ’ 

0-962 

51 

0-934 

68 

0-896 

85 

1 0-851 
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If the temperature be 15° C. + w it is necessary to deduct 0'4 n 
ale oholome trie degrees in order to get the alcoholic strength. It is 
necessary to add them on the contrary if /= 15 - 

Tralles’ table differs slightly from that of Gay-Lussac. It gives the 
alcoholic strength at 15*56° C. Take T as the strength in degree 
Tralles and D the density at 15-56, and we get : — 

Table XX. — Showing the Density of Alcohol of Various Strengths According 
TO Tralles 


T- 0 

D= 00991 

T = 50 

D = 0-9335 

T - 85 

D = 0-8488 ; 

10 

0-9857 

00 

0-9126 

90 

0-8332 i 

•20 

0-9751 

70 

0-8892 

95 

0-8157 ; 

30 

0-9040 

75 

1 0-8705 

100 

0-7939 

40 

0-9510 

1 

80 

0-8031 

i 




To get the percentage of alcohol by weight (.r) from the percentage 
by volume determined by the alcoholometer (V), the density of the 
mixture in the table is taken (D) and that of pure alcohol 0*795, and 

the following calculation made, x = V Germany use is made 

of alcoholometers giving the percentage by weight at 15° C. 

Determination of Methyl Alcohol. — This method consists in convert- 
ing methyl alcohol into methyl iodide which is weighed. In a small 
flask 22 grammes of iodine are dissolved in 5 grammes of methyl alco- 
hol to which its own bulk of water has been added ; the flask is corked, 
shaken and left for ten to fifteen minutes in a bath of cold water to bring 
it to the ordinary temperature, then 2 grammes of phosphorus are added 
and tJie flask is attached to an ascending condenser. About a quarter 
of an hour afterwards, the temperature of the water is gradually in- 
creased to 75° C., shaking the mixture from time to time ; the water 
bath is kept from a quarter of an hour to twenty minutes at that tem- 
perature, then it is allowed to cool. The methyl iodide formed is dis- 
tilled, condensed by a descending condenser, and collected in a gradu- 
ated cylinder. Working on 5 c.cm. of wood-spirit, the number of 
cubic centimetres of methyl iodide found, multiplied by 12*94, gives 
the volume per 100 c.cm. of rayethyl alcohol. 

Determination of Acetone, — Several methods may be adopted in the 
estimation of acetone. 

Kramer\s Method. — This method is based on the conversion of 
acetone into iodoform by iodine in presence of an alkali. The wood- 
spirit is diluted so that it contains 1 per cent, of acetone. A rough 
test is first made. One c.cm. of wood-spirit diluted with water is run 
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into a flask with stopper with 10 c.cm. of binormal soda (80 grammes of 
NaHO per litre). The whole is shaken and 5 c.cm. of a binormal solu- 
tion of iodine (254 grammes of iodine per litre) added. Iodoform is 
formed, which is shaken with 1 0 c.cm. of ether free from alcohol which 
dissolves it, then the volume of the ethereal layer is determined and 5 
c.cm. of it taken and evaporated on a watch glass, placed in a desiccator • 
containing sulphuric acid as a dehydrating agent. From the weight 
of iodoform found the percentage of acetone is calcul ited : I molecule 
of iodoform 394= 1 molecule of acetone, or 58. 

Messingers Volumetric Method . — This method is based on the re- 
action described above, but with excess of iodine in alkaline solution, 
which is afterwards estimated by hyposulphite of soda, the solution 
having been previously acidified. The solutions used are : (1) A solution 
of sublimed iodine \ normal, say 25*4 grammes per litre, which is dis- 
solved by double its weight of potassium iodide. (2) Solution of hypo- 
sulphite of soda ttV normal, say 1)2 025 grammes pure air dried per litre, 
dissolved in distilled water, to which 15 c.cm. of caustic soda solution has 
been added. These two solutions should be strictly exact, that is to say 
1 c.cm. of the standard iodine solution should correspond to 4 c.cm. of 
the standard hyposulphite solution. (3) Solution of caustic soda obtained 
by dissolving 1 kilogramme of caustic soda in flakes and the solution 
made up to 10 litres. (4) Sulphuric acid solution made from 275 c.cm. 
of sulphuric acid 66^ B. (168° Tw.), sj). gr. 1*840, in enough distilled 
water to make 5 litres. (5) Starch paste made by stirring up 5 
grammes of starch in 500 c.cm. of distilled water, boiling for an hour, 
then completing to 1 litre with salt water. To obtain good results, 
the product to be analysed should contain about 0*5 per cent, of 
acetone. By means of a pipette graduated in two places, 20 c.cm. of 
the liquid to be analysed is run into a 1 litre flask already containing 
a certain amount of distilled water free from nitrites or organic matter. 
The volume is made up to 1 litre, and the flask and contents well 
shaken to render the liquid perfectly homogeneous. Into a 250 c.cm. 
flask with a ground glass stopper, containing already 30 c.cm. of binormal 
soda, there are run 20 c.cm. of the dilute solution, the acetone content 
of which it is desired to ascertain. After mixing, 55 c.cm. of the I iodine 
solution are added from a burette. Jbe whole is again agitated and 
allowed to react fifteen to twenty minutes. Then 35 c.cm. of normal 
sulphuric acid are added, and the liberated iodine is titrated by hypo- 
sulphite of soda, which is run in from a graduated burette until the 
solution is almost decolorised. At this moment 4 to 5 c.cm. of 
starch paste are added, and hyposulphite of soda is run in until com- 
plete decolorisation is effected. Let N be the number of cubic centi- 
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metres of hyposulphite used, - will correspond with the iodine in excess, 

from which the iodine combined with the acetone can be deduced. This 
amount of iodine multiplied by 0*6073 gives the percentage of acetone 
contained in the liquid to be estimated. Two parallel experiments are 
generally made, one with a typical methyl alcohol (methylene), ob- 
tained by adding 25 per cent, of pure acetone to pure methyl alcohol, 
the other with the methylene to be tested. When the operator has 
had no experience in this style of analysis, it would be well to perform 
the determinations in duplicate. This process is used in the laboratory 
of the French Minister of Finance. 

Denigks Method [Journal de Pharrnacie et de Chimie, 1899, ix., 7) 
is based on the property of acetone, giving a crystalline precipitate 
with excess of mercuric sulphate, the formula of which is [(SO^Hg)- 
.3HgOp 4C0(CH3)-^ which dried at 110° C. (230° F.) becomes [(SO^Hg)^^ 
3HgO] C0(CH3)^. 

Estimation of Ally lie Alcohol, — ^This process is based on the property 
which allylic alcohol possesses of yielding an addition compound with 
bromine : one molecule of allylic alcohol absorbs two atoms of 
bromine. The solution of bromine used contains 7 ’3 grammes of 
I romine per litre; and it is prepired by dissolving in distilled water 
2’447 grammes of potassic bromate and .8*719 grammes of potassium 
bromide, both dried at 100° C. (212° F.), and the volume made up to 1 
litre ; 100 c.cm. are taken for analysis, 20 c.cm. of sulphuric acid of 
1 *29 density added, to which mixture the wood-spirit is added until 
a persistent coloration is obtained. 

Determination of the Impurities in H ood-Spirit. — The method used 
is that of Rose, which consists in noting the increase in volume which 
a known volume of chloroform undergoes when agitated with methyl 
alcohol in presence of a solution of sodium bisulphite. The apparatus 
used is a bulb tube (Fig. 62), the lower portion of which, of 55 c.cm. 
capacity, is graduated into tenth' from 50 to 55 c.cm. ; 50 c.cm. of pure 
chloroform at 15° C. are run into this tube from a burette with two 
marks, then a mixture of 25 c.cm. of the methyl alcohol to be tested 
and 60 c.cm. of distilled water. The whole is energetically shaken 
and allowed to stand in a bath of cold water at 15° C., then the 
increase in volume of the chlorotbrmic solution is noted. 

Kstimation o f Ethers in Methyl Alcohol. — This estimation is effected 
by a soda saponification, using 20 c.cm. of the methyl alcohol which is 
run into a 200 c.cm. fla.sk with 50 c.cm. of semi-normal caustic soda and 
a few drops of a 1 per cent, alcoholic solution of phenol phthalein. 
The flask is connected with a reflux condenser and is boiled for half 
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an hour, then the soda in excess is titrated back with semi-normal 
sulphuric acid. The saponifiable products are calculated to methyl 
acetate by the formula 

(50 -N) X 0-3894- X 5, 

N being the number of cubic centimetres of sulphuric acid used. 

5. Assay of Pure Methyl Alcohol — (1) The methyl alcohol should, 
register 99 per cent, by the alcoholometer, say 0-7995 density at 
15° C. (2) It must not contain more than 0 7 per cent, of acetone by 
Kramer s method. (3) On distillation 95 per cent, ought to pass between 
two consecutive degrees C. of the thermometer. (4) With double its 
weight of sulphuric acid of 66° B. (l68° Tw.), sp. gr. 1-84, it should give 
at the most a pale yellow. (5) It should remain colourless with an ex- 





Fig, 6'2. — Rose’s tube. Fig. 63. — Reduction tube. 

cess of caustic soda. (6) 5 c.cm, should not immediately decolorise 1 
c.cm. of potassium permanganate of 1 gramme per litre. 

6. Assay of Acetone, — (1) It should be limpid and pale. (2) It 
should mix without turbidity or eventually precipitate with water in all 
proportions. (3) The acetone should be neutral and mark 98 -5 G.L. at 
15° C. (59° F.) by the alcoholometer. (4) On distillation 95 per cent, 
of the liquid should distil at 38° Cf. (136-4° F.). (5) A solution of 
mercuric chloride should give no turbidity with acetone. (6) The 
acetone should not contain more than 01 per cent, of aldehyde, which 
is determined by reduction by a solution prepared from 30 grammes 
of nitrate of silver, 30 grammes of caustic soda and 200 grammes of 
ammonia (of 0 900 density), all dissolved in distilled water to 1 litre ; 
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10 c.cm. of acetone are taken, its volume of distilled water and 2 c.cm. 
of the silver solution added ; it is left for a quarter of an hour in 
darkness, then it is tested by ammonium sulphide to see if there be 
nitrate of silver in excess ; if not the acetone contains more than 1 per 
cent, of aldehyde. (7) By Messinger’s iodometrie assay 98 per cent, 
at least should be obtained. 

7. Assay of Creosote. — Beech-wood creosote being the most valued, 
impure products and even ordinaiy carbolic acid are substituted for it 
in commerce ; sometimes it is mixed with alcohol, or oily matter, fixed 
and volatile. All creosotes which run into water drop by drop, do not 
fall to the bottom, or which become turbid after slight agitation 
should be rejected. To distinguish carbolic acid from creosote or to 
detect its admixture with the latter, one of the following methods may 
be employed : (1) By mixing equal volumes of creosote and glycerine 
the latter is not dissolved, whilst carbolic acid dissolves completely 
therein and is not precipitated by the addition of water ; (2) ammonia 
does not dissolve creosote, whilst (when hot) it partially dissolves carbolic 
acid ; (3) a slightly ammoniacal alcoholic solution of perchloride of iron 
colours creosote green (by this reaction |1 part of creosote in 500 parts 
of carbolic acid can easily be detected) ; an aqueous solution of per- 
chloride of iron added to creosote is not changed in colour, whereas it 
becomes blue with carbolic aid. To detect small amounts of carbolic 
acid in creosote, a few drops of the latter are boiled with 6 to 8 c.cm. of 
nitric acid until no more red ftimes are given off, then a solution of 
potash is added when cool. If an immediate precipitate of picrate of 
potash is produced, picric acid has been formed at the expense of the 
carbolic acid existing in the creosote. To detect alcohol mixed with 
the creosote, the creosote is distilled and the first runnings are col- 
lected, or better, six times its weight of sweet almond oil is added 
to the product ; if there be only per cent, of alcohol the mixture 
becomes opaque and remains so after agitation. 

Fixed or volatile oils are easily detected. By pouring a little of the 
liquid on paper a spot will be formed, which remains transparent when 
cold if essential oil be present and does not change appearance under 
the action of heat in the presence of fixed oils. By adding to a 
known weight of the suspected creosote a sufficient quantity of acetic 
acid, the fatty substances insoluble in the acid may be isolated whilst 
the creosote dissolves. 

8. Analysis of Carbonate of Potash : (1) Moisture. — Dry 10 grammes 
of the product over a bunsen burner until no water is given off and 
determine the loss in weight. 

(2) Insoluble Residue. — Dissolve 10 grammes of carbonate ot potash 
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in hot water, filter through a tared filter, make up tooOO c.cm. with the 
wash water ; dry the filter and contents, ignite and weigh the insoluble 
residue. 

(3) Alkalinitij. — Draw off 50 c.cm. of solution from 2 and determine 
the total alkalinity as patassuim carbonate by standard acid, using 
litmus as indicator. 

(1) Ponderal Degree. — According to Gay-Lussac a solution of 
sulphuric acid is prepared thus*: — 

Sulphuric acid 66° B. (168° Tw.), sp. gr. 1*84 ... 100 grammes. 
Distilled water to bring the volume to 1 litre. 

Weigh out a semimolecule of K2O, say 48*07 grammes of the potash 
salt to be tested, which is dissolved in enough water to make 500 c.cm. 
From that solution 50 c.cm. are drawn off, tincture of litmus added, heat 
applied and the acid solution is run into it from a burette (J c.cm. = 

1 per cent. K^O in the sample : i.e., th^ ponderal degree). 

Alkalimetrical Degree or Descroisilles Test. — The test sulphuric acid 
is the same as the preceding. Five grammes of the potash salt are 
weighed, dissolved in water and heated, then litmus is added and stand- 
ard acid run in from an alkalimeter with 100 divisions, each of which 
is equal to 0*500 gramme of the test liquor. The number of divisions 
indicates the alkalimetrical degree. 


Table XXL — For the Conversion of Alkalimetrical Degrees into 
Ponderal Di^rees 
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Estimation of Soda in Potash. — By*Graeger’s process, which consists 
in dissolving 6*91 1 grammes in 1 00 c.cm. of water, collecting and weigh- 
ing the insoluble residue, then in determining, volumetrically, in a 
portion of the solution the combined hydrochloric and sulphuric acids 
which are converted by calculation into potassium salts and the weight 
of the pure alkaline carbonates determined by difference. The carbon- 
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ates are then titrated by a normal solution of nitric acid (63 grammes 
HNO 3 per litre) correspond'ng to 69 grammes K 2 CO 3 . The ratio of 
the carbonates is given by the following table 


Table XXII. — Showing the Nt:mber of Cubic Centimetres of Normal Acid Re- 
quired TO Neutralise 1 Gramme of a Mixture of the Carbonates of 
Potash and Soda in Various Proportions 
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The amount of soda contained in a potash salt may be determined by 
difference, the potash being estimated by one of the undernoted pro- 
cesses. 

Estimation of Potash. — Three different processes may be adopted : 
(1) The platinic-chloride process ; (2) Schloesing’s perchloric acid pro- 
cess ; (3) Carnot’s volumetric process. 

Platinic-chloride Process . — Five grammes of carbonate of potash are 
are dissolved in water containing hydrochloric acid, an excess of baryta 
water added, and the precipitate of sulphate, silicate and phosphate of 
baryta filtered off. A current of carbonic acid gas is passed through 
the solution, and the operation is terminated by boiling, so as to de- 
compose the resulting soluble bicarbonate of baryta. The liquid is 
then filtered from the insoluble carbonate of baryta, into which the 
excess of baryta water has been converted. The liquid, to which hydro- 
chloric acid has been added, is evaporated in a 10 to oO c. cm. capsule, then 
platinic chloride is added drop by drop, and the whole evaporated on 
the water bath till the mass becomes pasty ; it is then withdrawn from 
the fire, and a mixture of alcohol ahd ether, consisting of 9 parts of 8.5 
per cent, alcohol and 1 part of 6.5 per cent, ether is added ; the whole 
is triturated for some time to wash the potassic platino chloride which 
is formed, and which is insoluble in this liquid, and the precipitate is 
collected on a dry tared filter. This method requires much care ; the 
following, which is more rapid, is preferred. It consists in the immedi- 

8 
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ate formation of the potassic platinic-chloricle. One gramme of the 
carbonate of potash is dissolved in a little water^ and hydrochloric 
acid added. The solution is concentrated, then platinum chloride 
solution (10 grammes per 100 c.cm.) added, until no further pre- 
cipitation takes place ; the whole is then evaporated ; if the residue 
becomes white on the sides that shows that sufficient platinum chlori^le 
solution has not been added, and more must, in that case, be added. 
Then the alcohol and ether niixture is added, the whole filtered through 
glass wool (Fig. 63), and the precipitate washed with etherified alcohol, 
until there is no more platinum in the filtrate (rose colour with 
potassium iodide). The tube is dried in the water bath, then a 
current of hydrogen is passed through the interior, so as to transform 
the salts into metallic platinum which is weighed : Pt x 0’4786 = K^O. 

In this operation it is necessary to heat the tube gently, and to 
wait until it is full of hydrogen before bringing a flame near it. On 
the other hand, the sulphuric acid necessary to convert the carbonate 
of potash into sulphate is determined separately. The pure carbonate 
of potash is then found from the results obtained by calculation. 

Estimation of Potash bij Schloesing s Process. — Five grammes of the 
salt are dissolved in 40 c.cm. of water and nitric acid, and evaporated to 
dryness. The residue is taken up by 20 c.cm. of nitric acid and 20 c.cm. 
of water and filtered ; ammonia is added in excess to the clear solution 
to precipitate iron and alumina, and the precipitate filtered and washed. 
The filtrate and wash waters are collected in a 100 c.cm. flask which is 
made up to the mark with water. Then 20 c.cm. are drawn off, to which 
an excess of barium nitrate is added to precipitate phosphoric and 
sulphuric acids. The filtered liquid is evaporated to dryness, then 
taken up by 5 c.cm. of nitric acid and again evaporated. This operation 
is repeated twice. After the last operation 15 c.cm. of a 10 per cent, 
solution of perchloric acid is added, and heat applied to expel the ex- 
cess of acid. Perchloric acid is prepared by treating ammonium per- 
chlorate in the hot state with aqua regia. The reaction is effected in 
a glass flask. A mixture of perchloric and nitric acid is obtained con- 
taining a little hydrochloric acid which is slowly evaporated on a sand 
bath to expel all HCl and a part of the HNOy. The heat is withdrawn 
when white fumes of perchloric acid begin to come off. After having 
expelled the excess of perchloric acid added to the potash salt, the 
mass is moistened with water, then the whole is washed with 85 per 
cent, alcohol, to dissolve the perchlorates — other than potassium 
perchlorate — which are simultaneously formed. The potassium per- 
chlorate is collected on a small filter, washed with 85 per cent, 
alcohol, then dissolved by hot water ; the solution is evaporated to 
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dryness, and the weight of perchlorate found, multiplied by 0 3393, 
gives the percentage of K^,0. 

Volumetric Eslmatiou of Potash hij Carnot's Process . — This method is 
based on the reaction which is produced when a potassium salt comes 
in contact with a bismuth salt and a hyposulphite. A perfect, well-de- 
fined double hyposulphite of potassium and bismuth is formed, soluble 
in water, but precipitated in the form of a yellow powder on the addi- 
tion of alcohol. In carrying out the process, if, for example, a sample of 
potassium chloride (muriate of potash) has to be tested, 5 grammes of 
the substance are taken, dissolved in 3 or 1 c.cm. of water and 10 c.cm. 
of a solution of bismuth chloride, 10 c.cm. of hyposulphite of lime and 
l60 c.cm. of alcohol added. The yellow precipitate is formed. After 
ten minutes the precipitate is filtered and washed with alcohol and then 
redissolved in hot Avater, and the hyposulphite whicli it contains esti- 
mated. With this end in view, 5 c.cm. of hydrochloric acid are added to 
the solution and a few drops of starch paste. A solution of standard 
iodine is then added until the characteristic blue iodide of starch is 
produced. The solution of iodine is titrated in such a way that 1 c.cm. 
= 0\91 of potash working on the pure carbonate. The operation is 
eonducted very rapidly, the double hyposulphite of potassium and bis- 
muth being very easily decomposed. The solution of bismuth chloride 
is prepared by treating 100 grammes of basic nitrate of bismuth by 
hydrochloric acid and heating gently. The whole is allowed to cool, 
strong alcohol added, and after standing filtered and the solution is 
then made up to a litre. The solution of hyposulphite of lime con- 
tains 200 grammes per litre. The iodine solution consists of 06*96 
grammes of pure iodine and about To grammes of iodide of potassium 
per litre : 1 c.cm. of this liquor corresponds exactly with 0*01 gramme 
of K.,0. 



APPENDIX TO THE DISTILLATION OF WOOD i 

THE DESTRUCTIVE DISTILLATION OF OLIVE OIL RESIDUALS 

Wood waste from saw-mills, from factories for the extraction of dyes or 
of tannic acid from wood, and olive oil residuals are often used as fuel 
in the factories in which they are produced, whether to heat a stove 
or to raise steam. Ingenious furnaces with capacious grates and with 
steps or tiers and even gas generators have been patented with this end 
in view, but they involve great initial expense and frequent and costly 
enough repairs. Nevertheless, and in spite of this main use, as fuel and 
other secondary utilisations, to be referred to hereafter, the consumption 
of sawdust and olive residuum is feeble compared with their production ; 
that is why it has been rightly attempted to distil these products. 
As to the importance of distilling olive oil residuum (grignotis- d' oHvi's) 
the following is the report of a lecture by D. Vladimir Guerrero of 
Smirnoff. Manufacturers know by experience that hard woods give 
the best yield in alcohol, acid and charcoal, and that the latter is more 
dense than that got from soft wood. The charcoal obtained from 
olive residuum is still more dense than that from hard wood ; the former 
weighs 37 kilogrammes per hectolitre (81*4 lb. per bushels). That of 
the oak, which is one of the hardest varieties of wood, 22 kilogrammes 
(say 48’4 lb. per 2| bushels). That is due not only to its granular form 
but also to its richness in carbon, an exceptional richness verified by a 
greater number of calories, an observation already made by users of 
charcoal from olive oil residuum. The thermal value of one charcoal 
compared with another is verified by this : that the combustion of the 

^The subject-matter contained in this appendix is in the original French edi- 
tion interpolated in Chapter 11, , where its incorporation in the body of the chapter 
seems to the translator to not only break the continuity and disturb the lo,i,dcal 
sequence of the description of methods of carbonising wood given therein and of 
the plant employed, but it also causes the principles involved in destructively distil- 
ling olive oil residuals to lose half their force by being brought prematurely before 
the reader. The olive oil residual refeiTed to consists essentially of the olive kernel 
and marc after extracting the oil by pressure. 

(ii(i) 
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most rich in carbon is, as is the case with charcoal from olive oil resi- 
duum, accomplished completely and regularly without production of 
carbonic oxide. The great density of olive oil residuum, like that of 
several other fruits, aids in demonstrating its great vascular richness 
and the purity of its carbon. It has been known from time immemorial 
that a very pure black, for fine carbon colours, was manufactured in 
Spain from peach stones under the name of Spanish black. The ligneous 
composition of the olive is essentially vascular. It, in fact, consists of ; the 
almond, or seed, fatty, cellular and vascular ; of the almost vascular kernel 
of the pulp, where the oil is found between the vascular and cellular tissue, 
and finally, of a hard, coriaceous skin, where a substance termed ciitose, 
which contains carbon and vasculose in equal proportion, predominates. 
The vascular richness of plants depends chiefly on a dry climate and 
the direct action of the solar rays. Vasculose richer in carbon but poorer 
in water is a dehydrated ligneous body when compared with cellulose, 
which is consequently a hydrated ligneous body, and it may be added 
that cellulose is the product of a moist climate and vasculose of a dry 
climate. The varieties of olives cultivated for oil are more ligneous, 
and thus give a larger amount of residuum than those cultivated for 
preserves. The proportion of residuum, which is at least 18 per cent., 
and which may rise up to TO per cent., is one-fourth of the bulk of the 
fruit. There are even varieties of olives in the province of Tarragona, 
for example, where the residuum weighs more than the pulp. Guer- 
rero’s experiments, verifying the previous investigations of eminent 
chemists on the kernels of certain Iruits, have demonstrated that olive 
oil residuals contain the vasculose from which methylic alcohol and 
acetic acid have been extracted for about 100 years, and that it is a 
new source of raw materials for tlie pyroligneous imlustry. The wood 
wastes produced in several in.iustries have been the subject of experi- 
ments, and more or less suitable plant for the extraction of pyroligne- 
ous products therefrom has been invented. Sawdust, which is very 
plentiful, has for a long time been utilised in wood distilleries, and it 
yields more or less interesting products according to whether it comes 
from a hartl wood or a soft wood. 

Bergmann s Patent . — Of late years it has been attempted to utilise 
the residuals from the extraction of tannic acid and dye woods. 
Bergmann’s invention for this purpose made its appearance in Germany 
in 1892. It was applied. It gave no results, or rather it gave disas- 
trous results. Some blamed the plant as badly thought out by its in- 
ventor. But that was not the cause. Bergmann’s plant gave bad 
results for the simj^le reason that the raw materials could not cede 
what they did not possess, i.e., they did not contain vasculose in the 
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necessary proportion. Besides this reason there was another evil : the 
raw materials, very hygrometric, contain much water, 60 per cent., and 
with a great bulk and a great weight contained very little utilisable 
material. 

Jurgensens Pateni, — Later on. Dr. Rolof Jurgensen, following with- 
out doubt in Bergmann’s tracks (as the tracks of both are followed), 
brought out a process to treat all sorts of wood waste, including seeds 
and oleaginous fruits, Jurgensen, more fortunate than his predecessor, 
had the tact to distil olive oil residuum and obtained good results. 
He showed the products extracted therefrom ^ at the IQOO Paris Exhibi- 
tion. Jurgensen, who experimented on large quantities, asserted that 
he had obtained very variable, but always satisfactory results. His 
process consists in treating olive oil residuum, such as it is, in a sort 
of extraction apparatus, but after previous drying, and for that he 
proposed to press them, being undoubtedly unacquainted with the 
method of treating olives. The carbonisation was effected in a plant 
(1900 pattern) intended to distil, in a continuous manner, not only 
sawdust but the tannic acid residues from the extraction of dyes from 
wood or from oil seeds. 

Each woody substance has its own vascular richness and its different 
physical properties, and in some, these properties being diametrically 
opposed, absolutely different plant is required for their treatment. 

Guerrero s modificaiion of Jurgensen s Process as applied to Olive Oil 
Residuum. — When Guerrero took up the matter with Jurgensen, with 
the view of verifying the practical results which he had obtained in 
the distillation of olive oil residuum, he made certain objections to 
Jurgensen’s process, which he believed to be capable of being ad- 
vantageously modified. Accordingly, aided by the theoretical know- 
ledge which is indispensable in practice, he sought to find out the 
process which should be followed, before that of the mechanical 
method, by which the process would be carried out. It was necessary 
to study the intimate nature of the substance, and the first thing 
which he had to do was to know the intimate composition of tlie 
different varieties of wood and of olive oil residuum. It was necessary 
to compare their density, bulk, shape, porosity and other physical 
and hygrometric properties, and likewise to know their chemical com- 
position by starting from elementary analysi.s. It was also necessary to 
understand this industry, which is termed wood distillation. Guerrero 
therefore commenced, whilst visiting the different European factories, 
a series of experiments upon olive oil residuum— which he had caused 
to be sent to him from Spain — and upon several varieties of wood from 
’ Alcohol and acid. 
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different sources which he procured in the different factories which he 
visited ; and then, placing himself in communication with the directors 
of the most famous laboratories of Paris, a plan was prepared for these 
investigations. Guerrero’s researches are systematically expounded in 
that part of the memoir on the creation of the pyroligneous industry in 
Spain, which deals with experiments and analyses. Among other ex- 
periments made, attention has to be drawn to the comparative hygro- 
metric properties (to which allusion has been made, as one of the 
causes of the poor success of Bergmannj of wood and olive oil resi- 
duum, which are as follows : Olive oil residuum without oil normally 
contains 12 per cent, of moisture, on account of its crushed condition, 
but it soon dries, as the water it contains is insignificant, olive oil 
residuum not being a hygrometric substance. On the other hand, 
wood, which is felled a year before distillation (for at the time of 
felling it contains 45 per cent.), still contains, when placed in the 
retorts, a fourth of its weight of water. This difference means an 
economy in distilling residuum as compared with wood. Comparative 
tests showed that olive oil residuum contains hard wood and soft wood, 
i.e., cellulose and vasculose (the pulp, the hard skin and the grignofi). 
This parallel established, and the properties of both substances being 
known, and also the advantage of carbonising vasculose rather than 
cellulose, an advantage which Guerrero early demonstrated, the facility 
of realising the distillation of olive oil residuum is a deduction there- 
from. This inestimable advantage, impossible with wood, enables 
each substance to be treated appropriately. Guerrero, therefore, gave 
to the hard wood of olive oil residuum the name of grig/ion riche be- 
cause it is rich in vasculose, and to the soft wood of olive pulp that of 
grigmm pauvre. Such are the essential principles of Guerrero’s process 
for extracting pyroligneous products from olive oil residuum. As to 
the mechanical system it could not be more simple ; it is that of the 
coffee roaster. Olive oil residuum does not dry in the stove, as Jur- 
gensen asserted. It is in vain to try it. It is dried in a sieve, by a 
fan, at the time it is separated into irrignons riches and grignons pauvres. 
The griguous riches in the proportion of i is the substance to be dis- 
tilled. Tlie residual grignon pauvre is an organic manure which, if 
need be, may be used as fuel mixed with tar. 

Lahoratorij Krperimeufs of Graudeau and Auhin . — The following are 
the results of numerous analyses and distillation experiments on olive 
oil residuum compared with wood : — 
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Table XXIIL— Showing the Average Proximate Organic Analyses of 
Olive Oil Eesiduum and Wood 
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Table XXIV.— Showing the Average Eesults Per Cent, op Distilling 
Assorted and Unassorted Olive Oil Eesiduals as Compared with Wood 
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: 71-0 ^ 

Charcoal 

! 29-00 

1 

37-00 

25-50 : 

31-7 

100-0 

80-0 ' 


A = Grijnons Riches (Grandeau and Aubin). B = Grignons Ordinaires, without 
separating the Grignons Riches. Average factory results obtained in the Ivry- 
sur-seine wood distillery. C, Wood, average between pine, spruce and oak, D, 
olive oil residuum, avei’age between the grignon ordinaire and the grignm 
riche. E and F, when olive oil residuum gives 100 lb. of each of the products, 
then wood yields the amount given under F. 

If we compare the factory results in column D with those obtained 
from w'oocl in the European carbonisation factories, the superiority of 
olive oil residuum is manifest. The pyroligneous yield of wood is less 
by one-fifth part than that obtained from the distillation of olive oil mill 
residuals. Such then are the results obtained as regards extracted pro- 
ducts. The methyl alcohol and acetic acid obtained are the first got 
in the pure state from olive oil residuum. 

Actual Working of Olive Oil Residuals. Extraction of the Oil from 
the Residuals. The Charcoal from the Residuals and its Applications . — 
The production of oil in Spain varies greatly from one year to another, 
so much that in certain districts it is almost nil, whilst in other and 
even neighbouring districts it is very abundant. For example, one 
year will give a produce of one, the following year of three, another 
year of five, or rice versa, but the averages of each five years are almost 
the same. These differences of production are due, in the first place, 
to the natural condition of the plantations in dry soil, with no means 
in nine-tenths of the plantations for applying irrigation ; they are, 
therefore, exposed to meteorological changes, which do not harmonise 

^ 7'.38 of 20 per cent, phlegms. 2 Glacial. 
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very well with the rainfall, where these plantations abound. (A fresli 
proof of the want of forests.) These differences are also due to the 
poor regard we have for trees, which, like everything else, are grateful 
when well tended. Every one knows that this want of regard is due 
to a want of money, that is to say, of the working capital necessary for 
good farming, but very often this capital is there, and then it is the 
cultivation that is at fault, when it is not caused by excessive neglect. 
In a memoir presented to the Paris Exhibition of I9OO, Manuel Forcer 
y Riiidor, who belongs to a family of olive-tree cultivators, where they 
appreciate the olive-tree, and where Guerrero knows by experience 
that the olive-trees hear fruit, estimates that the production of oil in 
Spain amounts to 2,900,000 hectolitres (6.3,800,000 gallons) in agree- 
ment with Dr. Monjarres of Seville. Guerrero believes that the produc- 
tion may, without exaggeration, be estimated at 2,700,000 hectolitres 
(.If),400,000 gallons), by allowing for an extreme production of a fifth 
part, more or less, which would be 2,100,000 and .3,200,000 hectolitres 
(4-6,200,000 gallons and 70/100,000 gallons), which is equal to an 
annual average* of 2.30 kilogrammes (.506 lb.) })er hectare (/.e., per 2*47 
acres), or say 20o lb. per acre. Consequently, the ratio of residuum to 
oil being known, there would be 409 kilogrammes of these residues 
per hectare, or say 361- lb. per acre per annum. 

The figures given by Guerrero are those of 189S, a year when the 
production was inferior to the average ; of thirty-three productive pro- 
vinces, eleven only had a good yield. The total production was 

1.900.000 hectolitres (41,800,000 gallons), of which 1,270,000 hecto- 
litres (27,91-0,000 gallons) were for the districts of Andalusia and 
Estremadura. Three provinces, that of Jaen, Cordova and Seville, 
produced nearly 1,000,000 hectolitres (22,000,000 gallons), that of Jaen 
alone .500,000 hectolitres (11,000,000 gallons), say the fourth ot the 
whole production. That district has the largest production in Spain, 
and it is to it that the others go to purchase the residuals lor extraction. 
Wdiat is done with this enormous mass of woody fibre Without 
counting exportation, which is insignificant, Guerrero estimates that 

200.000 tons are utilised in the hundred odd oil nulls, and that the rest 
is used as fuel ; it is in fact the fuel used in the oil-producing countries, 
where the grignon replaces the scarce and dear wood. The oil res. duals 
are employed for domestic purposes (kitchens and brasiers) in the manu- 
facture of grignoN charcoal, of lime, bricks and other industries. It is 
also used in the feeding of pigs and poultry ; but frequently these residues 
are thrown into the stables. They lose in open air by slow combustion 
a third of their weight, without profit to any one. The .350,000 tons of 
oil residuals are produced on 1,150,000 hectares 2,840,500 acres), the 
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area under olive cultivation in Spain according to statistics. To find 
the forest surface necessary to produce this quantity of ligneous 
matter in the form of wood, such as oak, it suffices to know that this 
tree, arranged for felling at intervals of twenty years, produces in a 
good soil 35 tons per hectare (say 1 T tons per acre) at the end of twenty 
years. Consequently, 350,000 tons of wood would require 10,000 
hectares (21,700 acres), and for twenty years, one felling every year, 
twenty equal surfaces, say 200,000 hectares (say 500,000 acres). The 
value of olive oil residuum for the manufacture of pyroligneous pro- 
ducts having been demonstrated, it follows that there are in Spain 
200,000 hectares (500,000 acres) of virgin forest, much more productive 
than if it were planted with oak, which only w'ants a little initiative to 
exploit. The industry of extracting the oil from the residuals, with 
which, beyond the previous applications, no one knew what to do, 
has increased their value. With the installation of these factories they 
have risen (in Andalusia) from five pesetas, the price still current in 
some districts of the province of Jaen and other regions, to twenty 
and even thirty pesetas the ton, which is the average for five years. 
For several years the dry residuals were only used as fuel in the same 
factories, but large quantities remained piled up in the yard^s, up to 
the day when the idea came to convert them into charcoal known under 
the name of kernel or grignon charcoal. This manufacture became 
more general in proportion as the excellence of the new fuel became 
better known. This charcoal is now made in many Andalusian villages, 
and its production increases every year, as users preler it to vegetable 
charcoal for many purposes. A few years ago grignon was sold with 
difficulty at 1*25 pesetas the hectolitre, 2| bushels; to-day whole 
waggons are charged with it for the North, or Madrid, for example, 
where it is sold at 5*50 pesetas the hectolitre. 

In spite of that, coal, especially Andalusian, the calorific intensity of 
which varies between 4,500 calories and b’,500 calories, according to the 
proportion of ash, has been replaced by olive oil residuals in many in- 
dustries, and the manufacturers who use this combustible would not 
change it for coal of average quality. The grignon in fact produces 
4,500 to 5,000 calories when it is dry, but has the inestimable advantage 
of not making any clinkers. The experiments of Dr. Monjarres yielded 
still better results than those quoted. It follows from the latter experi- 
ments that olive oil residuals have a greater number of calories, by half, 
than wood, and that demands attention, because it confirms what Guerrero 
demonstrated by comparative analysis between these residuals and wood. 
Monjarres’ experiments gave 5,270 calories for residuals and 3,600 for 
wood. The experiments quoted above, and the results attained in the 
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actual practice of this industry, confirm Guerrero’s practico-scientifie 
demonstrations, that is to say, the vascular riches of a residual 
neglected up to the present time, but which as a raw material for the 
production of methyl alcohol and acetic acid is without equal. It will 
be readily understood that the carbonisation of olive oil residuals, in 
closed vessels, would advantageously replace the distillation of wood, 
supposing that the wood distilling industry had been already suc- 
cessfully established in Spain, but there is no wood for rational work- 
ing ; on the contrary, however, vasculose, the raw material for that in- 
dustry, exists in abundance in olive oil residuals. Of the actual pro- 
duction of residuals, rather more than a half is used to make grig/io/t 
oil {ThuUe tie grignon ) ; a very important amount still remains. If this 
utilisation continues, by combining oil extraction and carbonisation, a 
great saving would be made, because the cost price of the methyl alco- 
hol and acetic acid, as well as their compounds and derivatives, would 
be very appreciably reduced. An idea of cost may be got by taking 
into account the fact that the residuals give a greater yield in acetic 
acid and in wood-spirit, that labour is cheaper than here, and that the 
raw material, the de-greased olive oil residual, costs less, especially 
when oil extraction and carbonisation, the most rational way of working, 
are done in the same factory. Whit competition is to be feared since 
wood costs at least twenty francs (sixteen shillings) the ton? If the 
enormous quantity of rich ligneous material contained in olive oil re- 
siduum could be distilled very quickly, that would occasion a crisis 
in the pyroligneous product market. That outlook is, however, not to 
be feared, because the consumption of these products increases daily 
owing to the developments of industry, and because this exploitation of 
olive oil residuals cannot become completely developed for rather a 
long time. In any case, the advantage would be, for Spain, that there 
would be no need to import either acetic acid or acetates, and if need 
be Spain could export its products, which need not fear any competition 
so long as acetic acid and methylic alcohol continue to be made from 
twenty-year-old oaks and beeches. The riches which would be created 
with the new profit of these residues is of capital importance for Spain. 

At the present prices (the cost diminished by 1) tlie extraction oc 
oil would represent 26,000,000 pesetas, carbonisation 'G, 000,000, and 
between the two one-third the value of the oil, supposed to be only 

180.000. 000, calculating on an aver.ige of 2,700,000 hectolitres, or 

24.. ‘>,000 tons of olive oil, at 750 pesetas the ton. Looking to the im-^ 
portance of wood distillation and the favourable conditions for estab- 
lishing this industry in Spain with olive oil residuals, it may be asked 
'^Why has it not been done before?" To which it may be replied 
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Because the time had not come for it to be done But another 
explanation must be forthcoming. The industry proper only flourishes 
in well- wooded countries because the raw materials are abundant there. 
It is, moreover, natural that residues which are only produced in large 
enough quantities in Spain should be passed by unseen. That is also 
explained by the insignificant consumption of pyroligneous products 
in Spain, compared with others. Tiien, more especially, the residuals 
are used for the extraction' of industrial oils ; and because of the 
methodical nature of the Spaniard, wlio has little inclination for 
new industries, this riches, like many others, has been passed by unseen. 
Owing to the intense felling of forests to supply the pyroligneous in- 
dustry and its derivatives, as well as for paper manufacture, the price 
of wood, which continues to rise, increases the price of its products in 
proportion as their uses increase. At the I9OO Internation d Congress 
of Applied Chemistry, held at Paris, Dr. Jurgensen urged that investiga- 
tions be undertaken so as to place other raw materials at the service of 
wood distillers, especially cheap waste product', which could be used to 
produce acetic acid more cheaply. Dr. Jurgensen might have added 
that such new working-up of waste products would harmonise with 
the planting of forests (somewhat advanced in his country), because 
the industry, which consists in felling twenty-year-old trees, appears a 
little barbarous. This desire is exactly realised in Spain, where the 
olive produces a residue rich in vasculose, a material which, as Guerrero 
has demonstrated, is the best that could be chosen, and which at the 
same price might advantageously compete with wood. A triumph 
might thus be realised by Spain in the battles wdiich industrial nations 
wage against one another. A good opportunity presents itself for 
following up the industrial reawakening of Spain, quite remarkable 
these four last years, as regards agricultural, chemical, metallurgical 
and other industries which have been installed without the aid of 
foreign capital. It is to be hoped that the new industry, essentially a 
chemical one, wdll very soon be inaugurated, and assist much to create 
those large chemical factories in Spain which give so much supremacy 
to Germany. Numerous chemical industries can be made to live in 
Spain. Amongst others, the manufacture of colours, margarine, glycerine, 
the manufacture of soda, and thus utilise numerous residues now almost 
all thrown away. Everything in Spain favours the creation of the new 
industry, and chiefly the progressive imports and tlie rise in the rate of 
exchange which financiers seek in vain to reduce. The attempts to 
create new industries, and the help which the Government ought to 
give to these, especially at the commencement, will be more efficacious 
in reducing the rate of exchange than financial speculations. Industries 
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will give work and bread, forthwith, to many poor people in the pros- 
perous olive districts, but none the less poor in spite of that. Many other 
industries, anaemic up to now, would embrace this new industry, com- 
ing to give them an energetic push forward. How welcome it would 
be ! The value of olive oil residuals is fully demonstrated. Its abund- 
ance is very great ; it will be greater every day with the culture of the 
olive in new plantations. The pyroligneous products which can be 
extracted from it are of equal importance to those from wood. Not- 
withstanding the new industry, the cost of olive oil residuals for oil 
extraction will not increase, because use is now only made of 200 metric 
tons. By combining extraction with carbonisation, the cost price can 
only be less, and that of the pyroligneous products also. The cost price 
of methyl alcohol and acetic acid from olive oil residuals is one-fourth 
of that extracted from wood. 

The consumption of {)yroligneous products, which increases in every 
country, increases also in Spain. Methyl alcohol is destined to be the 
most important of the products, owing to the industrial applications of 
grain alcohol, and of the new industries which use methylic alcohol. 
The exploitation of pyroligneous products once increased, its use in 
Spain would be profitable, looking to the cost price of alcohol and acid 
from olive oil residuals. The creation of this new industry will increase 
the value of oil products. Manufacturers have a very lucrative road to 
a great future. The financiers of this enterprise, worthy of great 
initiative, can make of it a national industry. If Spain aspires to sus- 
tain its credit abroad, if it be desired to lower the rate of exchange, 
it is necessary to create new industries like this, which converts the 
abundant raw material and which after a little would increase her ex- 
ports. Spain, in spite of everything, must follow the indefatigable 
march of progress ; she must exploit this industry herself before others 
come to do it. 

Vladimir Guerrero patented in September, 1905, a process by which 
he obtains the products derived from the distillation of olive oil residuals 
by two processes, separate or combined. The first is supplementary to 
the extraction of oil from the residuals, the second is for making chemi- 
cal products by treating the ammoniacal liquor. 
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Table XXV. — Peoducts Obtained by Distillation of 1 Ton of Olive Oil 
Residuals and their Value 

Products from Residuals. ! Products from Amiuoiiiacal Liquor. 


Yield per ton ; — : Minimum yield per cub. m. (220 gals.) : — 

Granulated charcoal, 25 per cent. 11 | Ammonium sulphate, 8*2 per cent. 14 

Tar special, 3 per cent. . . 6 j Methyl alcohol, 1-0 per cent. . 50 

Ammoniacal liquor, 50 per cent. . 10 : Acetic acid, 2*5 per cent. . . 30 

Pesetas . . . . 27 I Pesetas . . . .70 

At the rate of exchange 30 per cent., i At the rate of exchange 30 per cent., 
francs 20*75 (or I 65 . 8cl). ; francs 53*85 (say 42s. lOd., or 2jd. 

Rich gas (light or power) ; 160 cubic j per gal). 

metres which produce 10 h.p. eft'ective 1 
\ \iowT at o cewtimea each,, xe- \ 

\ pxesexvts \'2 pesetas ox ^**20 ixancs ) 

I extra (7s. 4d.). I 


These results are the fruit of three years* experiments made witli a 
demonstration plant situated at Cordova^ where Guerrero places Iiim- 
^elf at the disposal of manufacturers interested in his process and for 
which he is in a position to guarantee the yields given above. It is 
pleasant to register such a success, which is a great step in advance for 
this industry, the experimental field of which is very wide. 
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DENSITY OF MIXTURES OF PURE METHYLIC ALCOHOL (WOOD-SPIRIT) 
AND WATER (Dittmar AND FaWSITT) 


\ 




Density at 
(PC. 
(S'p F.). 


1 

0-99806 

2 

0-99631 

4 

0-99299 

6 

0-98990 

8 

0-98701 

10 

0-98429 

12 

0-98171 

14 

0-97926 

10 

0-97689 

18 

0-97459 

20 

0-97233 

22 

0-97007 

24 

0-96780 

20 

0-96549 

28 

0-96310 

SO 

0-96057 

32 

0-95783 

34 

1 0-95500 

30 

0-95204 

38 , 

i 0 ■94805 

40 

0-04571 

42 

0-94239 

44 

0-93911 

46 

0-93575 

48 

0-93229 

50 

0-92873 

51 

0-92691 

52 

0-92507 

53 

0-92320 

54 , 

0-92130 

55 

0-91938 

56 

0-91742 

57 

0-91544 

58 

0-91343 

59 

0-91139 

60 

0-90917 

61 

0-90706 

62 

0-90492 


Density at 
iryoCPC. 

(00'^ F.). 

Si 

\ _ 

0-99729 

(;3 

0-99554 

6,4 

0-‘99214 

0-98S93 

65 

66 

0-!i8569 

67 

0-982(;2 

68 

0-97962 

6)9 

0-976(;8 

70 

0-97379 

71 

0-97039 

72 

0-96808 

73 

0-96524 

74 

0-96238 

75 

0-95949 

76 

0-95655 

77 

0*95355 

78 

0-95053 

79 

0-94732 I 

80 

0-94399 

81 

0'94055 

' 82 

0-03607 

83 

0-93335 

84 

0-92975 

85 

0-92610 

86 

0-92237 

87 

0-91855 

88 

0-91661 

89 

0-91465 

90 

0-91267 

91 

0-91066 

92 

0-90863 

93 

0-90657 

94 

0-90450 

95 

0-90239 

96 

0-90026 

97 

0-89798 

98 

0-89580 

99 

0-89358 

100 


Density at 

1 Density at 

O-C. 

i l.r5(P C. 

(S->o F.), 

(60'^ F.). ^ 

0-90276 

1 ! 

: 0-89133 1 

0-90056 

! 0-88905 1 

0-89835 

j 0-88676 i 

0-89611 

0-88443 ! 

0-89384 

0-88208 

0-8!, 145 

0-87970 ! 

0-88922 

0-87714 j 

0-88687 

I 0-87487 1 

0-88470 

! 0-87262 1 

0-88-237 

0-87021 

0-88003 

0-86779 

0-877G7 

0-86535 

0-87530 

0-86290 

0-87290 

0-86042 

0-87049 

0-85793 

0-86806 

0-85542 

0-86561 

j 0-85290 

0-86314 

0-85035 

0-86066 

0-84779 

0-85816 

1 0-84521 1 

0-85504 I 

0-84262 1 

0-85310 

0-84001 

0-85055 

0-83738 

0-84798 

0-83473 

0-84539 

0-83207 

0-84278 

0-82938 i 

0-84015 

0-82668 ! 

0-83751 

0-82396 i 

0-83485 

0-82123 1 

0-83218 

0-81849 

0-82948 

0-81572 

0-82677 

0-81293 

0-82404 

0-81013 

0-82129 

0-80731 

0-81853 

0-80448 

0-81576 

0-80164 

0-81295 

0-79876 

0-81015 

0-79589 
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THE MANUFACTURE AND TESTING OF TAN WOOD 
EXTRACTS AND THEIR UTH.ISATION IN MODERN 
TANNERIES 


CHAPTER I 

CHESTNUT EXTRACT 

General Properties of Chestnut JVood — The Percentage of Tannin — Prc~ 

. sent Price of the Wood in France and Corsica — Deafforestation Yield 
in Extract o f Wood from different Sources — The Water to be used in 
the Diffusion or Maceration o f Wood — The Juice and Carious Extracts 
from Chestnut Wood — Composition and Analytical Table 

The chestnut is a tree of the family of Ciipuliferae ; it grows in Savoy, 
Auvergne, Perigord, Provence, Brittany, Corsica, to a small extent 
in the North of Spain and in Italy, but, as will be shown, is 
everywhere becoming scarcer. Chestnut wood has a certain amount 
of importance from the point of view of its tannin content. It 
was Michel of Lyons who discovered, in 1818, the presence of 
tannin in the chestnut- tree ; it was he, also, who suggested its 
use for the tanning of heavy leather. Chestnut wood intended for 
tanning, or for the manufacture of extracts for tanneries, should con- 
tain neither rotten wood, nor wood dead upon the tree, nor 
branches of less than 4 inches diameter at the small end, nor running 
roots. These restrictions do not apply to chestnut wood intended 
for the manufacture of extracts or gallic acid for dyeing. The cubic 
metre or stere of dry chestnut wood weighs ,340 to 38.5 kilogrammes. 
The authors draw the attention of manufacturers of wood extracts and 
tanners, consumers of chestnut wood (which brings during the tanning 
of leather its contingent of pectic, resinoid and amylaceous matters 
favourable to a good yield), to the importance of always requiring from 
the suppliers deliveries of sound chestnut wood and rejecting rigor- 
ously rotten or ferruginous rotten wood, as incapable of a normal yield, 

( 128 ) 
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or only taking delivery of it with a heavy reduction in price. This 
damaged wood is only capable of being used for the manufacture of 
gallic’’ acid for dyeing, the decolorisation of the liquor from the 
maceration of this rotten wood being difficult and costly. 

Table I. — Analyses of Sound and Unsound Chestnut Wood from Various 

Sources 



Card (Southern France). 

Lyonnais and Dauphine. 

Sound, 
per cent. 

Rotten, 
per cent. 

Sound, 
per cent. 

Rotten, 
per cent. 

Tannin, soluble 

7*40 

2-80 

6-10 

3-40 

Non-tannin 

i-oo 

1-10 

1-50 

1-00 

Water 

54'2o 

63-28 

53-20 

G4-24 

Woody fibre 

:4G-45 

32-82 

39-20 

31-3G 


100-00 

100-00 

i 100-00 

100-00 

Total soluble . 

0-30 

1 3-9 

7-GO 

4-4 


The percentage of water being oT per cent., that of the soluble 
tannin is then 4<‘08 per cent. The effect of the rotting of wood is to 
render insoluble a large proportion of the bodies originally soluble. 
As to the price of chestnut wood, it has done nothing but increase for 
the last five years, for reasons to be explained later on. In 19OO the 
extractors of the South of France and of Ardeche were already paying 
14 to Id francs (say 11s. to 12s.) the metric ton on the spot; at the 
present time they are paying 17 to 18 francs (13s. 7d. to 14s. 4d.). The 
price will go up still further as the chestnut plantations disappear daily 
and the country labourer is obliged to go farther afield to fell the trees, 
even to localities where the cost of felling, etc., of the metric ton of 
wood rises from 2 to 5 francs (say from Is. 6d. to 4s.). In Corsica 
the extractor buys chestnut wood by the store (about 460 kilogrammes) 
(say 1,012 lb.) at the rate of 9^ francs, say more than 20 francs 
(16s.) the ton. The freshly felled wood contains 68 per cent, of water ; 
the green wood, three months after felling, contains 55 per cent. ; 
the peeled wood 40 to 45 per cent. The wood is generally piled in 
stacks of 200 to 500 tons to dry, and the stock for consumption is made 
up from year to year. It loses on an average after that lapse of time 
20 per cent, of water, and then only contains 33 to 35 per cent. The 
green wood of the chestnut-tree, with 75 per cent, of water, contains 
4 per cent, of tannin on the trunk ; ordinary wood, with 40 per cent, 
water, contains 6 per cent., and perfectly dry wood 8 per cent. Chest- 
nut roots contain 7 per cent, of tannin ; the bark 3 per cent. During 

9 
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the drying of the chestnut wood a portion of the tannin resinifies. The 
northern chestnut wood is less rich than that of the south, and that of 
the west poorer than that of the east. The Corsican chestnut wood 
contains on an average 10 per cent, of tannin. Chestnut wood yields 
4f‘74f to 5'71 per cent, of ash containing 70 to 80 per cent, of lime, 
5 per cent, of potash and 4 per cent, of pliosphoric acid. Its density 
is 0 a88. The interesting question at the present time, and one 
which should engage the serious attention of the extract manufacturer 
and the large number of country folk, in whose life the chestnut plays 
an important part, is the reafforestment of the chestnut plantations 
which have already disappeared and those which will rapidly disappear. 
The numerous extract factories are as heedless of their future supply 
as the peasants, who fell the chestnuts, without concerning themselves 
about the future and who only see in this felling the source of present 
gain. 

I'he Disappearance o f the Chestnid-tree in France, The Cause and its 
Bemedy. — During the discussion of the French budget of 1904 the Hon. 
M. Pedebidou on two occasions drew the attention of the Minister of 
Agriculture to the disappearance of the chestnut-tree and asked the 
Government to take steps to remedy such a disastrous situation. The 
disappearance of the chestnut-tree is exerting a most vexatious influence 
on the regular flow of streams of water. The denudation of the slopes 
induces torrents, with injurious results to the navigation of rivers." But 
that is not all. The chestnut-tree is a very precious tree, the culture 
of which represents a valuable source of profit to many departments. 
In addition to its fruit, which constitutes an important article of food, 
it yields wood for making vine props and the hoops and staves of casks. 

By trituration, it yields tannic extracts, the use of which is becom- 
ing more and more general. Essentially a hardy tree, the chestnut- 
tree adapts itself to the most intractable soils.^ Its disappearance 
would constitute a real disaster. Grave uneasiness, therefore, is pro- 
duced by the crisis through which this tree is passing. An inquiry 
was made by the Department of Rivers and Forests (Fmiux et Forets) on 
the cause of the destruction and the means of remedying it. The 
following are the conclusions. 

The causes of the destruction of the chestnut are of two kinds : 
(1) The first consists in the chestnut disease, which assumes two 
distinct forms. One is the disease of exhaustion or decrepitude, 
which prevails in a great number of chestnut plantations, where the 
trees are old, because the cultivators impoverish them by stripping 

^ Chatin (Ad.), “ Le Chataignier, i^tude .sur le.s Terrains qui Conviennent a sa 
Culture,” Bull, de la Soc. BoL, p. 198, 1870. 
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off their green leaves, the only manure of the soil, and mutilate 
them by breaking and carrying away the branches, so as to procure 
wood for fuel and leaves for cattle- feeding. This disease is by no 
means of an epidemic nature, and attacks individual trees. To remedy 
it, all that has to be done is to stop the practices which occasion 
it, to preserve carefully the dead covering of the soil, to restrict the 
abuse of pasturage and to manage and exploit the chestnut in a 
rational manner, felling the old and replacing them by young trees. 
The second disease, which is the real chestnut disease, the ink 
or foot,i attacks all trees without distinction, young and old, vigorous 
or decrepit. It has a decidedly epidemic character, which has earned 
for it the title of phylloxera in certain districts. The seat of this 
disease is in the roots, and its origin is due to a new parasitical fungus, 
the nijcelophagus casiame. This disease has been reported from twenty- 
seven departments, in ten of which it has not made any considerable 
ravages as yet ; eight showed depredations of les j than 50 hectares 
(say 125 acres) ; in the following five, Dordogne, Card, llle-et-Vilaine, 
Morbihan, Lot, the area oscillates between 200 and 500 hectares (say 
500 to 1,250 acres). Finally, the devastation does not reach 1,000 
hectares (say 2,500 acres) in the Haut-Pyrenees, but it exceeds this 
figure in the Basses- Pyrenees, La Correze and La Haute-Vienne.- 
The devastated area amounts to about 10,000 hectares (25,000 acres) on 
a total area of .S50,000 to .380,000 hectares (say 875,000 to 950,000 
acres), not including the chestnut-tree coppices, about 100,000 hectares 
(say 250,000 acres). No economical and practical method has been 
found for coping with this disease ; the only way of preventing the 
spread of the disease is to pull up the trees attacked. The chestnut- 
tree is liable to two other diseases, the jaundice and the qiiittor 
(/c javart),’^ but happily these diseases are not widespread and rarely 
cause the death of infected trees. 

(2) The most important cause of destruction consists in felling the 
chestnut-trees for the manufacture of tannic acid extracts. The use of 
tannic extracts tends to replace that of oak bark in tanning to an ever- 
increasing extent. Chestnut wood, the percentage of tannin in which 
is 4 to 8 per cent., yields in France the largest quantity of these ex- 
tracts. In view of this new outlet, which enables this wood to command 

^De Seynes (J.), “ De la Maladie ties Chataigniers appelee Maladie de Tencre,” 
Comice Agricole de V Arrondisscmcnt du Vigan, September, 1889. 

2 Delacroix, “La Maladie dcs Chataigniers en France,” Bull, de la Soc. Mycol. 
de France, t. xiii,, 4 fasc., 1897. 

" Prilleiix (Ed.), “ La Maladie des Chataigniers dite le Javart,” Journ. d'Agric. 
Pract., p. 139, 1893. 
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remunerative prices, landowners, for the sake of immediate gain, do not 
hesitate to fell immature chestnut-trees. They are encouraged in 
their work of destruction by a large number of factories for the manu- 
facture of tannic acid extracts, which have been established in numerous 
districts, the needs of which are always increasing. It is, more especi- 
ally, w'ithin the last twelve years that these factories have multiplied 
rapidly. In 1875 there were only seven. At the present day there 
are in France tw^enty-six factories exploiting the chestnut-tree for the 
extraction of tannic acid. To these factories must be added those of 
Geneva (Switzerland), wdilch are supplied, for the great part, with 
French wood. The actual consumption of chestnut wood by these 
twenty-six factories may be estimated at 450,000 metric tons, producing 
extracts of a value of 22,000,000 to 24,000,000 francs (say £880,000 to 
£960,000). The hectare of chestnut-trees bears on an average a hundred 
trees (say forty trees to the acre), which may yield 875 tons of wood (say 
150 tons to the acre) ; it will thus be seen th it the consumption of chest- 
nut wood by the tannic acid extract factories represents the disappear- 
ance of 1,200 hectares (say 3,000 acres) of chestnut-trees annually. This 
destruction is particularly intensive in Corsica, where it amounts to 200 
hectares (say 500 acres) annually. In each of the departments of 
Card, Lot, Dordogne, Correze, Haut- Vienne, De la Creuse and D’llle- 
et-Vilaine, the area from which the chestnut has been felled now ex- 
ceeds 1,000 hectares (say 2,500 acres) ; it is 500 to 1,000 hectares (1,250 
to 2,500 acres) in the Basses-Pyrenees, La Lozere,^ Saone-et-Loire, Loire 
Inferieure, Morbihan and the Cotes-du-Nord.- Finally, it amounts to 
200 hectares (500 acres) in La Sarthe, L’Allier, Le Rhone, L’Isere, La 
Savoie, La Haute-Savoie and the Hautes-Pyrenees. Against the im- 
providence of the proprietors, which leads to this disastrous state of 
affairs, the Government is powerless. No legislative enactment can 
limit the right of the proprietor to use and abuse his chestnut planta- 
tions, except in very rare cases, provided for by the law relating to the 
reclamation of waste land. But the duty of the Government is to 
enlighten the rural population as to the gravity of the situation, and 
to make them understand the interest which they have in preserving 
and rationally exploiting the chestnut-trees. Formal instructions have 
been addressed to prefects, the agents of the Department of Rivers 
and Forests and the professors of agriculture, that they use all the 
means in their power to jjromulgate in country districts notions of 

1 Crie, “ Rapport sur les Maladies des Chataigniers dans les Cevennes,” IhiU. dn 
Minist. de VAgric., No. 7, an xiv, October, lB9o. 

Rapport sur les Maladies des Chataigniers en Bretagne,’’ Ihdl. du Mlnid. de 
VAgric., No. 8, 1894. 
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prudence and wise foresight on this subject. On the other hand, 
where the destruction is already consummated, the replanting of the 
chestnut woods is to be encouraged. With this end in view, measures 
have been taken this year to award medals and prizes at the agricul- 
tural shows, so as to recompense work of this nature. Whilst, approv- 
ing the initiative taken by the Forest administration, in view of the 
systematic destruction of chestnut-trees for tannic acid extracts, more 
radical measures may be necessary to circumscribe or limit this de- 
struction. Would not the best method of inducing proprietors to 
replant their chestnut woods be to award them a bounty, which 
would be debited against the factories themselves ? It would suffice 
for that purpose to place a special tax, which need not be very high, 
on tannic acid extracts, per 100 kilogrammes, produced by the twenty- 
six factories already in existence. Nevertheless, so as to safeguard to 
a certain extent the interest of the tanner, and the very prosperous in- 
dustries connected therewith, there would seem to be occasion to put 
a higher tax on foreign products imported for use in the tannery. A 
Bill, brought before the French Parliament on 6th July, 1889, by 
Dunaine and Hubert, complied to a certain extent with that 
object, since it tended to modify the general tariff of the French 
customs in regard to dye woods of foreign origin (quebracho and 
other woods). That Bill has never been discussed. But the at- 
tention of those interested is drawn to it. Again, as regards Corsica, 
a lecture of the 9th September, 1901, on “The Felling of Chestnut- 
trees in Corsica,” by Donati, special Professor of Agriculture at Bastia, 
goes thoroughly to the root of the question. 

“ The question which I have to discuss before you is assuredly the 
most important of all those which concern not only the rural economy 
but all the well-being of Corsica. The destruction of chestnut-tree 
plantations by contractors who supply the tannic acid factories is 
pursued under such conditions that we consider it our duty to make 
known not only the advantages which the culture of the chestnut 
presents for our people, but also the causes of this deafforestation and 
its immediate consequences, not only from the point of view of food 
supply, but also as regards the climatology and the future of agriculture. 
These trees, which cover 30,000 hectares (75,000 acres) on the hill 
slopes, have always played an important role in all the critical periods 
of the history of Corsica ; at the time when the people fought for their 
independence, they procured the means of existence from these trees ; 
even at the present day, when misery extends its ravages farther and 
farther into the country districts, they constitute the principal resource 
of those farmers who have given up the cultivation of the soil. By its 
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richness in nutritive elements, the flour of the chestnut forms a complete 
food. The recent analyses by Balland (Pliarmacien Principal dc 
Premiere Classe) afford very precise data on this point : a lot of chest- 
nuts from Piedmont, which are those which most resemble Corsican 
chestnuts, gave, on analysis, the following composition : albuminoids 
5’98, fat 3-78, sugar and starch 86*82 per cent. If we compare 
these figures with the analysis of Dattel wheat, which is grown very 
widely, an analysis w*hich is also given by Balland, it will be surprising 
to see how great the analogy is between these two products : albumin- 
oids 10-53, fat 1 -44, sugars and starch 84*28 per cent. The percentage of 
nutritive elements in chestnut approaches very much to that of wheat,, 
and this explains how our highland population from time immemorial 
have been able to nourish themselves almost exclusively on soup- 
and cakes made from chestnut flour. That shows us also the great 
benefit that may be drawn from these fruits in grave circumstances 
for the feeding of towns and villages. Chestnut wood is not less- 
precious for domestic uses ; exploited as coppices of five to six yeara 
old, it is used to make baskets, forks, whip-handles, tool-handles ; it is- 
used like the nettle-tree (micoconlier] and the willow (osier) in the 
south of France ; as it gets bigger it is used as vine props and as wood 
for fences ; usedj[for carpentry purposes, it equals oak in durability ; 
transformed into beams, planks and boards it is used for all the pur- 
poses of coach and waggon-building, cabinetmaking, etc., and even ex- 
posed to the wind, sun and rain, without being protected by any 
coating, its durability is unlimited ; split up into staves it is used to 
make excellent vessels, of all dimensions, for the preservation of 
wine. As dead or withered wood it is equally useful, for it is an ex- 
cellent firewood for ovens as well as for heating apartments. The cares 
required for the growth and management of these trees as well as for 
the collection of the fruits are almost nil. Generally the tree is a wild 
one — 7 to 8 years old — which has come up naturally and been grafted 
on the spot ; it grows as well as it can, surrounded by brushwood,, 
until it commences to produce about the fifteenth or the twentieth 
year. The brushwood is then cleared away all round the plant, 
and after that the ground is cleared every year to allow the chestnuts 
to be collected. A chestnut may attain very great dimensions ; 
many are met with which measure 6 and 7 metres (say 20 to 22 
feet) in circumference and 2.5 to 30 metres (say 80 to 120 feet) in 
height. The value of these trees is based on their dimensions and the 
quality of their fruit ; it varies from twenty to fifty francs (l6s. to £2) ; 
some are worth more than a hundred francs (£4), but these are ex- 
ceptional. The yield per foot easily reaches 10 to 12 per cent, of this 
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sum. The collection of the nuts is done, generally, by the proprietors 
themselves, and in that case it entails no great expense, because, with 
the exception of clearing away the brushwood and moss, which is done 
by men in their spare time, the nuts are gathered by women and chil- 
dren. When the landowners engage workpeople for the whole nut 
harvest they are paid in kind, say one-third or one-half. They, on their 
part, are bound over to proceed in the beginning of September with the 
clearing of the chestnut woods, to split up and carry the wood intended 
to feed the drying kilns, collect the nuts, carry them to the kilns, and 
dry them. The harvest requires about two months’ work ; it commences 
from the loth to the 20th of October and finishes about the end of 
November ; decortication is proceeded with as soon as the nuts are suffi- 
ciently dry to be brought to the mill. There is reason, therefore, to say 
that the chestnut is a most important tree ; and the void which the 
disappearance of these trees will create in country districts will be 
irreparable. The effect of this felling on the climate of the country 
will not be less disastrous. At the present time it pleases every one to 
extol the climate of Corsica. The town of Ajaccio owes to it the favour 
which it enjoys as a winter resort, but it is greatly to be feared that this 
will not be so when the slopes of the mountains are stripped, because it 
is recognised that it is the forests and the woods which render climates 
more genial, less variable and more constant. On the other hand, the 
influence of these forests is intimately connected with the prosperity 
of agriculture. They regulate the flow of torrents ; they retard the 
melting of the snow, and the water penetrating into the soil converts 
it into huge reservoirs yielding their overflow to the rivers even during 
summer as required. Hence the regularity in flow of rivers rising in 
wooded districts, whilst on bare ground the water rolls on in torrents 
carrying sand and gravel in its train, giving rise in the plains to floods 
which devastate the harvest and make consitlerable ravages. Besides 
the torrents from the hillsides are very abundant in winter and dry up 
in the heat of summer. The farmers of the arrondissement of Bastia 
have already had a foretaste of what is in store for them, on the night 
of the 1th August, 1899, when the waters of the rivers Alesani, Fiu- 
malto, Golo and Bevinco overflowed their beds, and did considerable 
damage. These recent inundations cannot, it is true, be imputed to 
tree felling ; but these catastrophes, which up to now only reoccur 
at somewhat long intervals, will become more frequent owing to 
the destruction of the chestnut plantations.^ These facts have, more- 

Ht is to be feared that the flow will be greater with chestnut plantations under 
fruit with the brushwood carefully cleared away but open than on ground covered 
with dense thickets without chestnut-trees. 
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over, been verified as regards the large rivers of France : the Rhone, 
the Loire, the Rhine, the most disastrous floods on which have been 
attributed to the felling of the trees on the mountains.^ It would be 
unfortunate if the people of Corsica, already so tried by the economical 
crisis, which presses more heavily on that country than elsewhere, had 
also to undergo, in their turn, this sad trial, the immediate consequence 
of which would be the abandonment of the low grounds formed by the 
alluvium of the rivers ; these soils being the most fertile and the only 
ones whose cultivation is still remunerative. There is an equally im- 
portant point of view, wdiicli it is permissible to glance at, that is the 
possibility of Corsica being left to its own resources alone. Quite a 
recent experience, a simple strike of porters,- risked placing the people 
at their last resource. What would happen in time of war if this country 
were deprived for long months of outside imports ? We are told that 
the War Department, as a precautionary measure, takes care to provide 
stores. Would it not be preferable to preserve to Corsica its own 
crops, like the chestnut-trees, which are at the door of every family 
and the fruits of which can, in grave circumstances, suffice for the prim- 
ary needs of the people ? No one can contest the gravity of this felling. 
It is true that in certain localities they have rested content with thin- 
ning the chestnut plantations, and that, on the other hand, the stocks 
still remain in the ground, but the bare tracts are already numerous, 
their area increases from day to day, and the consecutive misery of 
bad harvests aiding the contractors, it is easy to foresee the date when 
this deaffbrestation will be complete. The two factories which extract 
gallic acid^ (or chestnut extract for tannery purposes) from chestnut- 
tree wood and which at present exist in the arrondissement of Bastia, 
absorb 140 tons of wood a day, corresponding to thirty or forty plants, 
say almost a hectare of chestnut-trees. To that must be added the 
avood which is exported and that which will be absorbed by a third 
factory in process of construction, and it will be seen that in less than 
fifty years the chestnut-trees of Corsica will have succumbed. The 
Agricultural Societies and the General Council are troubled at this state 
of affairs, and have asked for exceptional measures for dealing with 
those proprietors who allow their plantations to be destroyed ; but these 
solicitations struck against the rights of property and have had no 
result. It is urgent, however, to find a remedy for this state of affairs, 

1 The inundations of the 16th and 18th October, after the Congress, and produced 
not by the overflow of the rivers but by torrents from deafforested tracts, have shown 
how well founded were our apprehensions. — F. D. 

‘ The Marseilles strike. 

Since 1001 two new factories are at work. 
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whilst the interest of the proprietors and that of the public are at the 
same time reconciled. The chestnut woods on the hill slopes may be 
divided into two categories, those which have been felled and which 
are transformed into thickets, and those which are still intact. Nothing 
would be more simple than to cause the first to benefit by the law of 
1 860,1 which renders planting obligatory on slopes and the summits 
of the mountains, exempting them from all taxes for thirty years .2 
This advantage would induce the proprietors themselves to solicit the 
transfer of their thickets to the forest regulations and to reconstitute 
their chestnut woods. They would preserve all their rights on the 
new plantations, except felling, which would be done under the control 
of the Forest Department. In regard to chestnut woods still in exist- 
ence or in process of exploitation, and which it would be desirable to 
preserve, it would be advisable that these also should be put under the 
management of the forestry department, at the same time, we repeat, 
paying due respect to the rights of the proprietor. At the present day 
the contractors cut all the trees ; all fall under the blind axe of the 
butcher, the youngest trunks as well as the very oldest, which they 
leave in great part on the ground as unsuitable for their industry, 
and these lands are afterwards given over to the inroads of cattle. 

The function of the forest agents would be to single out the trees 
to be preserved amongst the youngest and the very oldest, so as to 
render Jelling less damaging, from a foresting point of view and to 
assure the replanting of the felled portions. In exchange for this 
riglit of control, the proprietors would benefit by exemption from 
taxes for thirty years. At the expiry of that time the State would 
still maintain its right, and the proprietors could only fell or make 
a clearance of their chestnut plantations in so far as the interests of 
arboriculture demanded. These measures are of an administrative 
nature. It will suffice to indicate them. There are others of an 
arboricultural order, which devolve more specially upon our functions, 
and the effect of which would be to oppose deafforestatioii on the 
slopes of the mountains by rendering the growth of the chestnut 
more profitable. It is a known fact that deafforestation has com- 
menced, and is being actively pursued chiefly in localities where the 
cost of harvesting is the greatest, either owing to the poor quality 
of the chestnuts and tlieir low price, or owing to want of labour. 
In those districts where chestnuts are sold fresh, and where they 
yield good quality flour, proprietors do not rob themselves of their 
chestnut-trees so readily, and contractors do little business there. 
If it were, therefore, possible to diminish the cost price whilst im- 
^ Repealed by the law of 4th April, 1882. -Art. 22G du Code Forestier. 
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proving the quality of the product, it is certain that proprietors would 
forego their trees less readily. That is the problem which we have 
tried to solve, by modifying the system of drying in use which is a 
most defective one.” 

Confining ourselves to the subject of the chestnut only, it will be 
unnecessary to follow the author of this important communication! 
further, but it may be added that it fully confirms the present situa- 
tion of the chestnut plantations in France, and with an Inspector 
of Rivers and Forests,^ an authority on the subject, the authoi-s 
enunciate the following thesis : The chest nuNree uill disappear from 
France if the tannic acid extract indnstn/ continues to Jirc upon it with red- 
hot bullets. This disappearance of the chestnut will be a great mis- 
fortune from a local point of view, regard being had to the food of 
the peasants, and a disaster from a general point of view, by still 
further increasing the denuded surface of the mountains. Moreover,, 
the disappearance of the chestnut will ruin the chestnut extract 
industry. There exist in France a considerable amount of coppice 
lands — individual and communal - — planted with oak and exploited at 
short intervals, the revenue of which falls to nothing with the ex- 
tremely low price of barks. These coppices, thinned at twenty years,, 
reserving 300 standards per hectare (120 per acre), can at the next 
interval provide 300 oaks forty years old capable of yielding .30 tons 
of twisted trunks unfit for working, as the limestone of tl^^ south 
cannot elongate the stock of the oak, but, having grown bathed in 
sunlight, they are capable of supplying the extract factories. 

On that account it would be advisable to substitute oak extract 
for chestnut extract. Now it is known that in tanneries, except for 
tanning sole leather {lisse), a well-manufactured oak extract would 
have, on the initiation of the Hungarian factories, a big outlet sufficient 
from the veiy beginning to keep several extract factories at work, who 
would then find themselves provided with oakwood, indefinitely, by 
applying the system of replanting indicated above. On the other 
hand, the tables prepared by Mangin in his tabulation of the statis- 
tics of 1902, show what is the actual quantity of chestnut-trees in 
France, viz., 90,000 hectares (225,000 acres) in chestnut coppices, and 
350,000 hectares (875,000 acres) in chestnut woods. If it be taken 
that on an average fifty chestnut trees represent 1 hectare of a chest- 
nut plantation and that the average weight of a tree when exploited 
is about 2 tons, the total amount of chestnut trees in France will be 
represented by the formula : 350,000 hectares with 50 trees = 1 7,500,000 
trees, or in kilogrammes, 17,500,000 trees at 2,000 kilogrammes (say 
2 About 2,800,000 hectares (say 7,000,000 acres). 


* M. Teissier. 
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2 metric tons) 15,000,000,000 kilogrammes (say 35,000,000 metric 
tons). As the French extract factories (see Chapter IV.) consume 
annually 450,000,000 kilogrammes (say 450,000 metric tons) (certain 
factories work Sundays and holidays {fetes), so it is necessary to calcu- 
late 500,000 tons as the annual consumption), the actual stock, which 
has just been estimated, will therefore be exhausted in 35,000,000 t- 
500,000 = 70 years — that is supposing that this amount was available. 
Now a number of chestnut- trees are preserved as fruit-trees, others for 
some other reason, and finally others grow in spots where they cannot 
be got at ; this quantity, which may be called a reserve factor, is difficult 
to estimate and disturbs the calculation of the longevity of the present 
factories. It would be easy to ensure this longevity by a little 
replanting, because it suffices, from the above figures, to replant fifty 
trees per hectare (twenty trees per acre) per annum ; each tree grows 
0*050 cubic metres annually (say 1,500 kilogrammes per hectare, say 
600 kilogrammes or 1,320 lb. per acre) ; the 350,000 hectares (875,000 
acres) could easily produce, without being impoverished, 525,000 tons 
per annum. To conclude, therefore, to maintain the present prosperity 
of extract factories, it will suffice if each large chestnut-tree felled be 
replaced by two young plants — that is an affair of 400,000 plants 
annually, which the State or departments may distribute gratuitously * 
an easy matter to organise. Finally, according to other estimations 
(on the Savoys) it will be necessary to allow for an annual average 
pro.luction of 4*6 cubic metres per hectare, say more than 900,000 
tons per annum. In any case the remedy of the felling of the 
chestnut plantations is easily carried out, if regard be had to the 
preceding and if prompt and thorough action is taken against this 
deplorable state of affairs. 

Yield of Chestnut IVood . — The yield of chestnut wood in extract of 
25'" evidently varies with the nature of the tree treated. It is also a 
factor of its hydrogenated condition, of the district or place in which it 
has grown. 1 The wood of the South of France is richer than that of 
the North or even of Central France, likewise those of the same district 
but grown with a southern aspect are richer than those with a northern 
exposure. If it were practically possible to select the trees according 
to these principles the tannin industry would gain much ; unfortunately 
with the })resent felling it is not possible even to dream of it. It is 
necessary to take things as they come. The average yield of a well- 
installed and improved factory, in which the manufacture is controlled 
may be given as taking 450 kilogrammes of chestnut wood with 40 

^ Fliche and Grandeau, “ On the Infiuence of the Chemical Composition of the Soil 
on the Growth of the Chestnut,” Ann. de Chim. et de PJnjs., 5« Series, vol. iii., 187(i. 
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per cent, moisture, that is to say after a year in the shed, or 550 kilo- 
grammes with 55 to 60 per cent, moisture, to produce 100 kilo- 
grammes of extract at 25° B. This yield may be commercially assured, 
and that whether intensive working be adopted, that is to say, to obtain 
from a given installation a maximum production, or whether rational 
working be pursued, which consists in forcing the maximum yield, by 
first drawing off the quintessence of the juice contained in the decan- 
tation mud (by the authors’ processes described farther on) and by a 
more methodical extraction of the wood in autoclaves or in the open 
air. In principle, the authors recommend this rational method because 
it realises greater profit to that yielded by the intensive method, which 
leaves too much to be desired, from an extraction point of view, and 
the })ercentage of tannic acid in the product. Several factories have 
already adopted the rational method, which, although producing less 
than the intensive method with equal capacity of plant, yet yields a 
very liberal compensation by the quality and strength of the extract 
obtained, whilst still maintaining the same yield. 


Table II. — Showing the Different Yields of Chestnut-tbees by the 
Rational Method of Tannin Extraction 
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All these tests were made on a minimum of 20 tons of wood or 
roots, and using maceration by seven washings and recuperation of the 
mud, according to the authors system. The pressure in boiling was 
uniform in all the tests, that is to say 1 *5 kilogrammes maximum for 
all the boilings. The strength of the liquors oscillated from 4 3 to 
5° B. 

The lufiiience of the Water used for Diffusion of Wood and Bark.—lh^ 
importance of this question being granted, and seeing the authoritative 
work on the subject by Nihoul, director of the Tanning School of Liege, 
on the influence of the water used in the maceration or the extraction 
of tannin from w'ood or bark in the tannin industry or in tanneries, the 
authors do not hesitate to publish it in ejctenso, the more so as it 
plainly confirms the industrial results obtained by the authors in this 
special tannin industry. 


^ 40 per cent, moisture. 
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Note on the Trans fonmitiom which are Produced in the Infusion of Tan- 
ning Materials. By Ed. Nihoul and L. van de Pidte.^—ln a previous 
research 2 we have shown that the loss in tannin produced during the 
extraction of tanning materials by saline solutions was most often in- 
dependent of the increase in insoluble matter. In other words, it is 
not owing to the formation of insoluble tannates that there is a dimi- 
nution of assimilable matter by skin powder in the conditions incidental 
to the analysis of tannins. We found that these losses arise, partially 
or wholly, from the transformation of the tannin into non-tannin, the 
latter remaining in solution in the infusion and passing through the 
filter of powdered skin without being absorbed. In some cases, how- 
ever, there is manifestly produced a precipitate of a tannate of an alka- 
line earth which certainly has greatly increased the loss. On the 
other hand, we have determined that more generally the bright 
infusions obtained become turbid somewhat rapidly after filtration, 
even infusions obtained by the use of distilled water. The fact is not 
new, however, as far as the last point is concerned. Dr. Paessler even 
attributes to these precipitates, which eventually form in tannin liquors 
intended for analysis, the errors in the tannin obtained, when the last 
portions of the liquid which pass through the filter are used for the 
determination of the total extract.^ When extracting is done in the 
factory for the manufacture of the liquor, distilled water is not em- 
ployed, but the tannery water, generally well water, and consequently 
charged with mineral matter. There Avould be nothing impossible, 
therefore, in that case, if the substances in solution should intervene 
to modify the solubility of these slightly soluble tannins, to which 
Paessler attributes the precipitation phenomena, which are produced 
in the infusions intended for analysis. In the case of hard waters the 
precipitate is peculiarly abundant, and occurs very rapidly after filtra- 
tion. We tried to ascertain whether the deposit thus formed was due 
to matters assimilable by the skin, and, if so, what were the losses of 
tannin caused by this factor in the liquor. The importance of the 
question will be conceived, for in that case the phenomenon would 
result in a still further increase in the loss in tannin mentioned in 
our previous research. In fact, from the rapidity of precipitation it 
would seem that the greater part of these insoluble tannins escape 
the action of the hide, and are deposited at the bottom of the vats 

^ Communication to the Liege Section at its meeting on 12th November, 1903. 

2E. Nihoul ami L. van de Putte, “Effect of the Chlorides and Sulphates of 
Natural Waters on the Extraction of Tanning Substances,” Bull. Assoc. Bel. des 
Chiniistes, 1903, Nos. 8, 0 and 10, pp. 208 ef seq. 

^Deutsche Gerber Zeituug, 1901, No. 132 to 112 ; Bull. Assoc. Bel. des Chiuiistes, 
1901, pp. 115-123. 
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or on the surface of the leather without penetrating it. The exa- 
mination of this question led us to wish to ascertain, first of all, what 
happens when the extraction is done with distilled water, and we have 
been able to find a much more important cause than that found by our 
<‘olleague. Dr. Paessler, of the loss in tannin whicli tannin infusions 
undergo after being preserved for some time. It is the results of this 
research which are now given, reserving for future publication our prac- 
tical tests with tannery waters. Three commercial tanning materials 
— oak bark, pine bark and sumac — were analysed by the method of the 
International Association of Leather Chemists and gave the composition 
embodied in Column I. of the following table : — 

Table III. — Expebiments on the Extraction of Tanning Material usintj 
Distilled Water as a Solvent. Oak Bark 


I. 

Normal 

Infu- 

sion. 

n. 

Same diluted 
one-half. 

HI. 

.Same after 
three days. 

IV. 

.Same plus 
Thymol. 

V. 

Same 

Sterilised. 




D. 


D. 


D. 


D. 

Extract total . 

20-13 

10-70 

- 0-43 

18-80 

- 1-33 

20-03 

-0-10 

19-82 

- 0-31 

„ ash . 

0-80 

0-!?3 

-0-00 

0-08 

-fO-00 

1-10 

+ 0-21 

1-03 

+ 0-14 

„ organic 

11)'24 

18-87 

-0-37 

17-82 

- 1-42 

18-03 

-0-31 

18-70 

- 0-45 ! 

Non-tannin total . 

0-31 

.5-17 

-0-14 

4-52 

-0-70 

5-43 

+ 0-12 

5-00 

+ 0-05 ; 

ash 

0-70 

0-70 

-f 0-03 

0-80 

+ 0-10 

0-01 

+ 0-15 

0-00 

+ 0-20; 

organic 

4-0.5 

4-38 

-0-17 

3-00 

-0-80 

4-.52 

-0-03 

5 

+ 0-45' 

' Total matter fixed 










by skin 

14-82 

14-.53 

-0-20 

14-28 

- 0-.54 

14-00 

- 0-22 

13-80 

- 0-00 

Mineral matter 










fixed by skin 

0-13 1 

0-01 

- 0-00 ■ 

0-12 

-0-01 

0-10 

+ 0-00 

0-07 : 

- 0-00 

Tannin . 

14-00 . 

14-40 

-0-20 

14-10 

- 0-o3 ; 

14-41 

- 0-28 

13-70 

-0-00 

Water , 

10-3o 









Insoluble 

i 

60-.52 










Table IV. — Experiments on Pine Bark 


! 

i 

I. 

Normal 

Infu- 

If. 

Same dilute<l 

III. 

.Same after 

. 

IV. 

.''ame jilu.s 

V. 

■ -Same 

i 

1 

sion. 

one-half. 

tlire 

e «lays. 

Thymol. 

Sterili.sed. 

; Extract total . 

27-02 

i 20-80 

D. 

-0-73 

25-02 

1). 

- 2-00 

25-73 

D. 

- 1-80 

20-14 

D. 

- 1-48 

: „ ash . 

0-35 

■ 0-00 

+ 0-25 

0-71 

+ 0-30 

0-74 

+ 0-30 

1-12 

+ 0-77 : 

„ organic 

27-27 

20-20 

-0’08 

24-01 

-2-30 

2t00 

- 2-28 

25-02 

- 2-25 i 

; Non-tannin total . 

4-47 

’ 4-00 

+ 0-22 

4-34 

-013 

4-00 

- 0-38 

5-28 

+ 0-81 i 

; ,, ash 

0-20 

0-31 

+ 0-11 

0-45 

+ 0-25 

0-53 

+ 0-33 

0-03 

+ 0-73 

„ organic 

4-27 

4-38 

0-11 

83-80 

- 0-38 

3-50 

-0-71 

4-35 

+ 0*08 

Total matter fixed 










: by skin 

23-15 

22-30 

-0-05 

21-28 

-1-87: 

21-04 

- 1-51 

20-80 

- 2-20 

; Mineral matter 





1 

1 





fixed by ^kin 

0-15 

j 0-2'( 

+ 0-14 

0-20 

+0-11 ! 

0-21 

+ 0-00 

0-10 

+ 0-04 

! Tannin . 

23-00 

1 2 i'.n 

-1-00 21-02 

- 1-08 

21-43 

- 1-.57 

20-07 

- 2-33 

^ Water . 

12*48 j 









Insoluble 

59-00 


... 


! 

1 
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Table V. — Experiments on Sumac 



I. 

Normal 

Infu- 

sion. 

II. 

Same diluted 
one-half. 

III. 

Same after 
three days. 

IV. 

Same plus 
Thymol. 

V. 

Same 

Sterilised. 




D. 


D. * 


D. 


D. 

Extract total . 

35-54 

34-83 

- 0-71 

35-32 

-0-22 

35-14 

-0-40 

35-25 

-0-29 

„ ash . 

2-50 

2-47 

- 0-03 i 

2-54 

+ 0-04 

2-03 

+ 0-13 

2-93 

+ 0-43 

„ organic 

33-04 

32-30 

- 0-08 , 

32-78 

- 0-20 

32-51 

- 0-53 

32-32 

-0-72 

Non-tannin total . 

10-03 

10-80 

+ 0-17 

17-91 

+ 1-28 

17-21 

+ 0-58 

17-04 

+ 1-01 

„ ash 

2-40 

2-35 

-0-11 

2-48 

+ 0-02 

2-48 

+ 0-02 

2-00 

+ 0-20 

„ organic 

14-17 

14-45 

+ 0-28 

15-43 

+ 1-20 

14-73 

+ 0-50 

14-98 

+ 0-81 

Total matter fixed 










by skin 

18-91 

18-03 

- 0-88 

17-41 

: -1-50 

17-93 

-0-98 

17-01 

-1-30 

Mineral matter 










fixed by skin 

0-04 

0-12 

+ 0-88* 

1 0-00 

i +0-02 

0-15 

I +0-11 

! 0-27 

+ 0-23 

Tannin . 

18-87 

17-91 

1 -0-90 

! 17-35 

- 1-52 

17-78 

; - 1-09 

! 17-34 

- 1-53 1 

Water . 

8-07 


I ... 

1 - 


1 ... 


1 ... 


Insoluble 

55-79 


1 ... 

i 




i ••• 

! ■■■ 



The tanning substances in these three raw materials were after- 
wards extracted in Koch’s apparatus/ using distilled water and working 
on 27 grammes of oak bark^ 1 7*8 grammes of pine bark, 17‘5 grammes 
of sumac. The last portions of the infusion were concentrated so as 
to obtain 1 litre of infusion with each substance. The solutions were 
then filtered so as to obtain a limpid filtrate, and the first 100 c.cm. 
which passed through was rejected in each case so as to avoid the 
errors occasioned by the absorption of tannin by the filter paper. 
From the remainder, after rendering the bulk homogeneous, four por- 
tions of 150 c.cm. were drawn and treated as follows : To the first 150 
c.cm. of distilled water was added and the mixture analysed ; the figures 
given in Column II. were obtained in that way. To the second 1 50 c.cm. 
of distilled water was likewise added, but the mixture was not analysed 
until three days afterwards. The results are given in Column III. To 
the third part of the infusion 150 c.cm. ot distilled water was likewise 
added and preserved for three days before being analysed, but a small 
piece of thymol was added to the fiask in the beginning to prevent 
fermentation ; the figures obtained on analysis are given in Column IV. 
The fourth portion was likewise protected from ferments by sterilisa- 
tion. The operation was conducted as follows : The liquid was run 
into a 800 c.cm. graduated flask and 100 c.cm. of distilled water added. 
The flask was closed by an asbestos plug, previously scorched by pas- 
sage through a Bunsen burner. The content of the flask was brought 
to the boiling point on three succeeding days for two to three minutes. 

iNihoul (Ed.), “Analysis of Tanning Substances and the Yield Obtained m 
Tanneries,”. Bull. Scion, do V Assoc, des Ecoles spcciaks de Liege, 1903, No. 2 et scg. 
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The third day distilled water was added to make up the bulk to 300 
c.cm. (Column V.). The first column gives the results of the analysis 
under the normal conditions of the International Association, whilst in 
the others the tannin solutions were diluted by one-half. A peculiar 
thing was that none of these solutions became turbid after three days’ 
standing, from which it may be inferred that the deposits obtained 
hitherto are due to slightly soluble tannins, which in the present case 
are held in solution by the excess of solvent. Let us examine what 
takes place in the case of each tanning material. 

Or/'- Bark . — The total extract has diminished from Column I. to 
Column II., and this diminution affects both the organic non-tannin and 
the tannin, the latter a little more so. This diminution is accentuated 
in Column III., but here the non-tannin is more especially affected, 
which shows that chemical changes are produced in the tanning liquor 
during the three days’ standing of the solution. These changes do not 
occur in the presence of thymol, which would seem to indicate that 
they were due to micro-organisms ; Column IV., in fact, shows barely ap- 
preciable losses. But the loss in tannin appears again in Column V., 
and even exceeds the loss undergone by the liquid left to itself for 
three days ; it is almost 1 per cent. ; however, the amount of non-tannin 
has increased by almost 0*.)0 per cent. This partial destruction of the 
tannin to the increase of the non-tannin has been already established by 
Parker and Procter (Jouni. Soc. Chem. I/uL, 189a, p. 635); it is due to 
the action of heat on the tannin solution. It is one of the chief causes 
which led to the method of extraction of the International Society of 
Leather Chemists, It is also found that the dissolved mineral matter 
is increased by allowing the tannic solution to stand in the flask. 
That increase is really due to the action of the infusion on the glass. 
The authors observed the same fact in leather analysis.^ 

Pine Bark . — The loss in total extract and in organic extract, in the 
case of oak bark, is repeated as regards the pine, but with greater in- 
tensity, and a peculiar thing occurs in the case of the pine, neither the 
solution to which thymol has been added (Column IV.) nor the sterilised 
solution escapes this loss. It would, therefore, be. impossible in this case 
to explain the phenomenon by the intervention of lower organisms. 
The most appreciable losses in total extract and in organic extract oc- 
cur in Columns III. and IV., and possibly diastatic action may be in- 
voked to explain them. The presence of diastases in the infusions is 
possible in all cases, for the greater part of the infusions are obtained 
at a lower temperature than 50" C. (122" F.). The action of the heat 

^“Chemical Examination of Leather,” Revue Unmrselle des Mines, etc,, 
1901 2, t. hi. 
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necessary for sterilisation has as before occasioned a loss in tannin to 
the profit of the non-tannin. As to the increase in the mineral matter, 
it is again found in the pine bark as it was in the oak bark. 

Sumac . — This tannin shows a more passive behaviour than the pre- 
ceding. In fact, the decrease in total extract and in organic extract 
is harely appreciable. It is under the action of heat (Column V., 
sterilised solution) that the product shows itself the most sensitive as 
regards organic extract. Here, as in the cases of oak and pine barks, 
the losses in tannin of the solutions to which thymol was added are less 
than those of similar solutions, the compositions of which are tabulated 
in Columns III. and V. As to the mineral matter, here it again in- 
creases and agrees with the duration of the contact with the glass flask 
and the temperature which the infusion had undergone. The general 
conclusions to be drawn from the experiments may be enunciated as 
follows : — 

(1) Dilution of the infusions intended for analysis injuriously affects 
the accuracy of the results, the total extract and the total organic 
extract being lower in dilute solutions. If Columns I. and II. be com- 
pared it will be seen that the loss in organic extract especially affects 
the tannin. It follows that the clause proposed by Professor Procter 
at the Paris Congress is perfectly justified. So that the results obtained 
by different chemists may agree, it is indispensable that they operate on 
infusions the tannin content of which is appreciably the same. Moreover, 
in two cases out of three it is only the tannin that is affected by that fact, 
the loss in organic extract being, even as regards the pine and the sumac, 
slightly lower than the loss in tannin. One might perhaps see in this fact 
a direct action of water on the tanning substance, which might be more 
easily entrained by the steam during evaporation, as actually occurs with 
non-volatile organic matter, such as sug ir and glycerine. Another in- 
fluence may very probably intervene in these losses of tannin, the dura- 
tion of filtration of the original infusion. Paessler found [toe. cif.), in fact, 
that in the filtration of tannin infusions the tannin determined in the 
filtrate after 400 to 500 c.cm. had run through was slightly less, owing 
to the precipitation of slightly soluble tannin. The loss sustained 
under this head, determined on the whole extract, is comparatively small 
and does not reach more than 0*3 per cent. It even happens that 
certain tanning substances, like the mangrove, undergo no loss under 
such conditions. It may again be asked whether the losses so 
sustained are due to the precipitation of slightly soluble tannins or 
to the same phenomena indicated in preceding researches. In any 
case, the differences on the losses in tannin, shown in Column II. on 
the one hand and in Columns III. and IV, on the other hand, show 

10 
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that precipitation can only intervene to a slight extent in the losses 
found. 

(2) Those precipitates which are sometimes got in infusions when 
working by the rules of the International Association, which are dissolved 
on heating and are eventually reprecipitated on cooling, remain in solu- 
tion when the amount of solvent is increased. 

(3) A third conclusion to be drawn from tliese experiments is the 
necessity of immediately submitting tannin infusions to analysis, if it be 
desired to avoid errors in the tannin determination. Analogous hicts 
have just been observed by Paessler on juice got from myrobolam ex- 
tract.^ The explanation of this may be perhaps found in the fact that 
a tannic acid extract analysed at different intervals often yields slightly 
different results. 

(4) Care must be taken not to heat too strongly during extraction. 
In our opinion it would be well if the International Association made 
the rules in this connection more precise. The foregoing considera- 
tions may be useful after the slight differences which have occurred in 
the German - section of the International Association regarding the 
analysis of tannic acid extracts. 

Action o f Saline Matter on Tannin In fusions and Extracts . — The great 
importance to the tanner and to the manufacturer of tannic acid ex- 
tracts of using only the purest possible water containing the smallest 
amount of saline matter has already been described. ' For some years 
back the use of extracts for tanning has become so general in Belgium 
that several firms use such products alone, and have given up completely 
the use of oak bark and even of tropical tannins. It will not, therefore, 
be uninteresting to try to find what may be the effect of tannery waters 
on solutions of tanning materials, the more so as this question will verify 
whether osmotic phenomena intervene in the loss of tannin indicated 
in a preceding research. The formation of more or less abundant pre- 
cipitates, which form after some time in infusions obtained by the use of 
hard water, has already been pointed out.^ The precipitation is more 
or less abundant and more or less rapid according to the amount of salts 
held in solution by the water. The following were results obtained 
with sumac in the first research on this subject.-^ In the experiment 
with sumac the liquid passed through turbid even when an extra strong 
filter, .Schleicher and SchulTs No. 605, was used. It was not until after 

^ “ Ueber das Verhalten von Myrobolanen-extracten bei der Aufbewahrung unter 
Verschiedenen Verhiiltnissen,” Deutsche Gerber Zeitung. 

2 Collegitm, 1903, Nos. 70, 80, 81 and 82. 

•' Bull. Assoc. Bel. des Chimisies, 1003, Nos. 8, 0, 10. 

* Idem, 1903, No. 11. •’ Collegium, 1902, p. 89. 
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100 c.cm. of liquid had run through that the liquid was fit to be used 
or the estimation of the non-tannin. Such phenomena are accentuated 
in the case of the waters V. and VI. With sumac^ filtration was ex- 
tremely difficult, and it was found that the liquid obtained bright by be- 
ing passed through the extra strong filter No. 605, immediately became 
turbid to such an extent that it was necessary to refilter it through a 
second filter, through which it was passed twice. This fact explains the 
decrease in the total extract obtained by analysis. The tannery waters 
referred to gave a fixed residue of 842 milligrammes per litre for the 
first, 1,843 and 2,070*5 milligrammes for the two others, «.e., waters V. 
and VI. The losses on ignition, not including the carbonic acid, were 
in these cases only 76 and 37*5 milligrammes ; the fixed residue there- 
fore consisted almost entirely of mineral matter. The lime estimation 
gave respectively 276*4 and 458 milligrammes, the chlorine 39o'5 milli- 
grammes and 465*5 milligrammes, the sulphuric acid 270 and 338*3 
milligrammes ; the two waters both contained large amounts of calcium 
chloride. The precipitate formed in sumac infusions, obtained by 
means of these waters, was so abundant as to cause the organic ex- 
tract to fall from 33*96 to 18*42 and the tannin from 23*02 to 2*11, 
evidently disastrous results for the tanner and which astonished the 
investigator himself. In his researches on the effect of chlorides and 
sulphates, the reappearance of these precipitates was pointed out, which, 
owing to the small content of the solutions, were only formed after some 
time, but, however, quick enough that when these deposits consist of 
tanning material, they almost completely escape from the tanning, since 
they are deposited in the bottom of the baths or on the surface of the 
leather. Besides, it is necessary to ascertain whether chemical reactions 
cannot after a certain time take place between the tanning material 
and the salts present, so as to lower the percentage of matter assimil- 
able by skin powder. The following experiments were limited to test- 
ing the action of calcium chloride, sodium sulphate and bicarbonate of 
magnesia. Accordingly infusions of tanning materials were prepared in 
distilled water to a concentration double that of the normal concentra- 
tion, that is to say of the concentration prescribed by the International 
Association of Leather Chemists. As previously the experiments were 
on oak and pine bark and on sumac. 4'he litre of infusion was in each 
case divided into 250 c.cm. To the first portion 250 c.cm. of distilled 
water was added, to the second an equal volume of water containing 
0*1 per cent, of calcium chloride, to the third the same volume of a 0*1 
per cent, solution of sodium sulphate, to the fourth also an equal volume 
of a 0*1 per cent, solution of bicarbonate of magnesia. The first vessel 
therefore contained an infusion in distilled water brought to the normal 
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degree of concentration, the second a normal infusion in water contain- 
ing 0 05 per cent, of calcium chloride, the third likewise in water con- 
taining 0*05 per cent, of sulphate of soda, and finally in the fourth the 
tanning material was present in a solution containing magnesium 
bicarbonate in the proportion of 0*05 per cent. The liquids, thus brought 
to the right degree of concentration required for analysis, were left in 
closed fiasks exposed to the light for three days in presence of thymol, 
then filtered and analysed by the method of the International Association 
of Leather Chemists. The same experiments were repeated on a certain 
number of commercial binnic acid extracts. Quebracho extract, chestnut 
extract, and mimosa extract D were tested in this way. Columns I. of 
the following tables show the results of the analysis of the normal in- 
fusion ; Columns II. correspond to the calcium chloride solutions; 
Columns III. to the sulphate of soda, and Columns IV. to the bicarbonate 
of magnesia. Among the three saline matters used two of them lose 
weight on ignition ; it follows that the mineral matters found in the ash^ 
whether of the total extract or of the non-tannin, will be less than those 
which go to increase the percentage of total extract and of non-tannin. 
It is thus, for example, that in the total extract the chloride of calcium is 
recovered with its six molecules of water of crystallisation, whilst it is 
anhydrous calcium chloride which is found in the ash of that extract. 
This would lead in the ordinary calculation of the results to a fictitious 
increase in the organic extract. It must not, however, be forgotten that 
this cause of error reappears in the determination of the non-tannin 
and its ash. That is why it was not taken into account in our pre- 
vious researches. Sodium sulphate loses its water of crystallisalion 
at 100 C. (212" F.). Now as the total extract and the non-tannin are 
dried at 105" C. (221" F.), this salt ought to be recovered integrally in 
the ash. As to magnesium bicarbonate, it apparently should be converted 
completely into neutral carbonate by evaporation of its solution and 
into oxide by calcination. It was, however, considered advisable to make 
a prior test of saline solutions of equal concentration, but not mixed with 
tannic infusions : 500 c.cm. of these solutions evaporated to dryness,, 
then calcined, gave results the average of which are given in the follow- 
ing table : — 


Taijle YI. — Showing Rki.ation of Residue on Evaporation to Residue on 
Ignition of Various Salts 



1 ('ucnaq. 

j Na-hSOjjui. 


Fixed residue at lOo"' C. . 

. O-^Go gramme 

0*200 gramme 

0*25:4 gramme 

Ash ..... 

. 0-244 

0*250:4 „ 

0*114 
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Complete drying was finished in a hot-air oven at lOo” C. (221° F.) 
until of constant weight, and the ignition was continued for the same 
length of time as during the determination of ash in the analysis of 
tannic liquors. So as to be able to compare results more easily, the 
saline matter in solution has been deducted from the weights yielded 
by 4he total extract and the total non-tannin. As regards the ash, the 
result obtained is followed by the result calculated from the preced- 
ing data, and from the ash obtained from normal infusions in distilled 
water, i.e., the figures given under the heading Ash (calculated) ” were 
obtained by adding to the ash given in the preceding Table VI. that of 
the ash of the tanning material tested. The organic extract was obtained 
by deducting from the total extract first the figures corresponding to the 
fixed residue of the preceding table, and then the ash of the total ex- 
tract obtained by diffusion in distilled water. The ash (obtained as just 
indicatetl) was not utilised (1) on account of the differences which 
exist between the fixed residue and the ash of these saline matters, 
and (2) because such ash is subject to slight variation, e.g., calcium 
chloride, on prolonged ignition at a high temperature, contains quick- 
lime, and the proportion of quicklime is greater the more rapid the 
ignition. Losses in weight result, which, according to the percentage 
and the composition of the tanning material present, may sometimes 
become sufficiently appreciable as to affect to a certain extent the 
accuracy of the analytical results. If, again, ignition be not prolonged 
far enough, as calcium chloride undergoes, when heated, first aqueous 
and then igneous fusion, it may happen that the carbon is imprisoned 
in the fused igneous mass and then only burns with great difficulty. 
Errors of a converse nature to the foregoing may thus occur. If these 
two errors occur in the same analysis, one in the ash of the total extract 
and the other in the ash of the non-tannin, the analytical results may 
thus be very greatly affected. Sodium sulphate may also cause errors. 
Asa general rule, it fuses before the complete combustion of the carbon, 
and a portion of this cannot be burnt, hence a high result. On the 
other hand it may, especially when heated rather long at a high tem- 
perature, be reduced more or Itss completely by this carbon, without 
taking into account that other chemical reactions may occur with the 
ash of the tanning material present. Ihe following experiments were 
made on this point : {a) about ^ litre of sodium sulphate solution at 
0*5 gramme per litre was evaporated, the residue on ignition gave as 
ash 0*2584 gramme ; (5) the ashes were moistened with 50 c.cm. of 
pine infusion. After evaporation and ignition 0*25ob gramme was ob- 
tained instead of 0'2584 + 0*0027 = 0*26l 1 ; (c) the last ashes were 
moistened, in their turn, with 50 c.cm. of oak infusion. After evaporation 
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and ignition 0*2572 gramme was obtained instead of 0*26ll gramme 
+ 0*0083 gramme = 0*269^ gramme; (d) this freshly ignited residue 
was moistened with 50 c.cm. of sumac infusion and 0*2778 gramme ob- 
tained instead of 0*269^^ gramme + 0*0152 gramme = 0*2846. That is 
to say the ashes due to the sulphate of soda fall, after the action of pine 
infusion, to 0*2509 gramme ; after the action of oak infusion to 0*2462 ; 
after the action of sumac they rise to 0*2516 gramme. It is to be 
observed that in actual analysis these ashes would descend below these 
figures, because the sodic sulphate operated on would be ten times less. 
As to bicarbonate of magnesia, it yields oxide by ignition, but the ex- 
pulsion of the carbonic acid is never complete ; moreover, it seems that 
the bicarbonate is not completely converted into carbonate in the 
conditions of the determination of the total extract and of the non- 
tannin, the organic matter present partially hinders its complete 
decomposition at the temperature of 105° C. (221° F.). xMoreover, it 
will be seen that the actual and the calculated ashes in the tables are 
seldom represented by the same figures. Endeavours were made to 
avoid all source of error, because the losses in tannin in the present ex- 
periments are far from being so high as in the researches on the in- 
fluence of saline matter in the extraction of tannins. 

First Series of F.xperiments. Action of Salts on Infusion of Tanning 
Materials. Oak Bark (Table V II,). — The results of the experiments show 
that salts of lime and magnesia appreciably altered the percentage of 
total extract as well as that of the organic extract. The turbidity 
formed was therefore more abundant in infusions charged with such 
saline matter. All the liquids had, however, precipitated by the end 
of the third da}', but it seems that in the case of the distilled water 
solutions and the sulphate of soda solutions, the precipitation was due 
simply to physical causes, whilst in the case of the two other salts it 
was rather a chemical cause which occasioned the loss in extract. I’he 
non- tannins, total and organic, behave in quite another way, so that 
calcium chloride seems not to have affected them, and it follows that 
the loss in tannin is due solely in this case to precipitation. Sodium 
sulphate, whilst causing a slight loss in tannin, induced a proportional 
increase in the non-tannin, so that here the loss in tannin is of a 
chemical nature, the effect of the .salt being to change a portion of 
the tannin into soluble non-tannin. As to magnesium bicarbonate, it 
caused a loss in organic extract, which was distributed between the 
tannin and the non-tannin, the last of the two being especially affected 
by the saline matter. 



CHESTNUT EXTRACT 


151 


Table VII. — Results of Experiments on Oak Bark (Per Litre of Infusion) 



I. 

Normal 

Infu- 

sion. 

II. 

Same containing 
0-5 p. 1,000 of 
CaCl2. 

III. 

Same containing 
0-5 p. 1,000 of 
Na.^S()4. 

IV. 

Same containing 
O o p. 1,000 of 
Mg(HCO:i)o. 

Extract totaU . 

4-988 

4-760 

-0-228 

4-950 

- 0-038 

4-834 

-0-154 

„ ash . 

0-166 

0-582 

-1-0-416 

0-706 

+ 0-540 

0-386 

+ 0-220 

jj ^ • 

0-166 

0-654 

+ 0-488 

0-686 

+ 0-520 

0-394 

+ 0-228 

„ actual organic 

4-822 

4-594 

-0-228 

4-784 

-0-038 

4-668 

-0-152 

Non-tannin totaU 

1-630 

1-618 

-0012 

1-750 

+ 0-120 

1-528 

-0-102 

„ ash 2 

0-126 

0-656 

+ 0-530 

0-678 

+ 0-552 

0-324 

+ 0-158 

5? n • • 

0-126 

0-614 

+ 0-488 

0-646 

+ 0-520 

0-354 

+ 0-228 

„ actual organic 

1-504 

1-492 

- 0-012 

1-624 

+ 0-120 

1-402 

-0-102 

Fixed by skin total . 

3-358 

3-142 i 

-0-216 

3-200 

-0-158 

3-306 

- 0-052 

Tannin .... 

3-318 

3-102 : 

-0-216 

3-160 

-0-158 

3-266 

- 0-052 

„ lost per cent. 

0-0 

6-51 

4-79 

1-56 


Table VIII. — Results of Experiments on Pine Bark (Per Litre of Infusion) 



I. 

Normal 

Infu- 

sion. 

II. 

Same containing 
0-5 p. 1,001) of 
CaCl2. 

III. ^ IV. 1 

Same containing Same containing | 
O'o p. 1,0C0 of 0 5 p. 1,000 of 1 

Na2S04. *Mg(HCO:)2. ! 

Extract total ^ . 

4-212 

3-936 

- 0-276 

4-234 

+ 0-022 3-970 

1 

-0-242 ^ 

„ ash 2 . 

0-054 

0-372 

+ 0-318 

0-522 

+ 0-468 0-370 

+ 0-316 


0-054 

0-542 

+ 0-488 

0-574 

+ 0-520 ! 0-282 

+ 0-2-28 

„ actual organic 

4-158 

3-882 

-0-276 

4-180 

+ 0-022 13-916 

-0-242 

Non-tannin total ^ . 

0-790 

0-916 

+ 0-126 

0-940 

+ 0-150 1 0-958 

+ 0-168 

„ ash ^ . . i 

0-038 

0-648 

+ 0-610 

0-586 

+ 0-548 0-232 

+ 0-194, 


0-038 

0526 

+ 0-488 

0-558 

+ 0-520 0-266 

+ 0-228 

„ actual organic ' 

0-752 

0-878 

+ 0-126 

0-902 

+ 0-150 0-904 

+ 0-152 

Fixed by skin . 

3-422 

3-020 

- 0-402 

3-294 

- 0-128 : 3-012 

-0-410 

Tannin . 

3-406 

3-004 

-0-402 

3-278 

-0-128 3-012 

- 0-394 

„ lost per cent. 

1 

0-0 

11-80 

3-90 1 11-56 


Table IX. — Results of Experiments on Sumac (Per Litre of Infusion) 



I. 


II. 

III. 

IV. 


Nonnal 

Same containing 

Same containing 

Same containing 


Infu- 

O-j p. 

1,000 of 

0-5 p. 

l.OOU of 

0'5 p. 

1,000 of 


sion. 

CaCI.2. 

NaoS 04 . 

MgCHCOsh. 

Extract total ^ . 

5-868 

5-888 

+ 0-0-20 

5-996 

+ 0-1-28 

5-878 

+ 0-010 

„ ash 2 , 

0-304 

0-566 

; + 0-‘262 

0-862 

+ 0-558 

0-582 

+ 0-278 


0-304 

0-792 

+ 0-488 

0-824 

+ 0-5-20 

0-532 

+ 0-2-28 

„ actual organic 

5-564 

5-584 

+ 0-0-20 

5-692 

+ 0-1-28 

5-574 

+ 0-010 

Non-tannin totaP 

2-654 1 

•2-610 

-0044 

2-836 

+ 0-182 

2-762 

+ 0-108 

„ ash 2 

0-354 1 

0-744 

+ 0-390 

0-886 

+ 0-532 

0-508 

+ 0-154 


0-354 

0-842 

+ 0-488 

0-874 

+ 0-520 

0-582 

+ 0-228 

„ actual organic 

2-300 : 

2-256 

-0-044 

2-482 

+ 0-182 

2-408 

+ 0-108 

Fixed by skin . 

3-214 i 

3-278 

+ 0-064 

3-160 

- 0-054 

3-116 

1 -0-098 

Tannin .... 

3-264 

3-308 

+ 0-0441 

3-210 

-0-054 

3-166 

1 -0-098 

„ lost per cent. 

0-00 i 

0-00 

1 

-65 

5 

;-oo 


Saline matter deducted. ‘^Saline matter included. ^Calculated. 
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Action on Pine Bark (Table VIII.). — As in the case of oak, the total 
extract and the organic extract were lowered in the infusions to which 
calcium chloride and magnesium bicarbonate were added. These 
salts caused very appreciable loss in tannin. In both cases, besides 
precipitation of tanning matter, here and there was partial conversion 
of tannin into soluble non-tannin, as the increase of organic non- 
tannin in Columns II. and IV. shows. There was therefore partial dis- 
sociation of the tanning matter or reaction of the tannin with the 
saline matter, with production of compounds, non-assimilable by the 
skin, in the conditions of analysis. Oak tannin behaves in no way 
the same, because the non-tannins in Columns II. and IV. are, 
especially in IV., in a decreasing ratio. Oak tannin appears, there- 
fore, less sensitive to these changes than pine tannin. Sodium 
sulphate behaves similarly as with oak bark, a slight increase in non- 
tannin with a proportional decrease in tannin. The turbidity formed 
in the saline infusion was less than that formed in the distilled water 
infusion, because the organic extract and total extract are slightly 
increased. Here again the chemical role of sodium sulphate in the 
transformation of tannin into non-tannin is confirmed. 

Action of Sumac (Table IX.). — The precipitation was about the 
same in the four tests. But in the sodium sulphate infusion it was 
less pronounced than in the other liquids, even than in the distilled 
water infusion ; it follows that the total extract and organic extract 
only differ slightly. Calcium chloride seems to have no effect on 
sumac solutions. Sodium sulphate produced a comparatively small less 
in tannin, but caused a threefold greater increase in non-tannin, from 
which one would be inclined to conclude that the slight solvent action 
of sodium sulphate on the precipitate formed by distilled water acts 
more on the non-tannin than on the tannin, the more so as the same 
occurs with pine extract, though to a less extent (Table VIII.). The 
action of magnesium bicarbonate is more apparent, and the saline 
matter, without inducing increased turbidity, gives a precipitate of 
tanning matter or of one or other of its constituents, hence a loss of 
tannin equivalent to the increase in organic non-tannin. It therefore 
appears to behave with sumac in a purely chemical fashion in chang- 
ing tannin into soluble non-tannin. 

Conclusion I . — It follows from preceding experiments that saline 
matters may behave differently towards tanning infusions ; they either 
(a) only act slightly, c.g., towards sumac, or (//) they induce a loss in 
tannin without increasing the turbidity, which always occurs in such 
infusions, even when distilled water has been used in extraction, e.sr., 
action of sulphate of soda on oak and pine infusions. This action of 
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sulphate of soda is difficult to explain with any degree of certainty. 
The loss found may be due to a partial change of tannin into a sub- 
stance unassimilable by the skin, as well as to combination of the 
tanning matter with the saline matter, so as to form a compound 
which would not be retained by the skin. It may even be said that 
sodium sulphate alters the osmotic properties of the skin, so that they 
are no longer capable of retaining the whole of the tannin. But con- 
trary to this point of view, in no case was any trace of tannin to be 
found in the liquid passing through Procter s filter. Again, as will be 
seen farther on, sodium sulphate behaves in quite a different way 
with concentrated solutions of quebracho extract, in which it induces 
no loss in tannin, (c) They induce a loss in tannin whilst increasing 
the precipitate formed. This occurs with magnesium and calcium 
salts, but these can, in certain cases, behave like sodium sulphate, 
by changing partially the tannin into soluble non-tannin. The tur- 
bidity is not always due to a precipitate of tannin, but in certain 
eases non-tannin is also entrained. It may be said generally that 
the saline matters, dissolved in natural waters, still further accentuate 
after extraction the loss already incurred during extraction, whether 
they precipitate tannin or induce its conversion into bodies unassimil- 
able by skin powder. By the prolonged contact of saline matters 
with tannic infusions, it may be taken that the losses in tannin 
become still more appreciable, judging from the precipitates which 
afterwards occurred in the clear liquors used for analysis. The follow- 
ing are the observations made on these liquors a fortnight after the fore- 
going tests: (1) The oak solutions were quite turbid except No. 2 
(calcium chloride), which showed traces of mycelian growth. (2) The 
pine solutions remained limpid except No. 2. (3) The sumac solutions 

likewise remained limpid except No. I, which presented an abundant 
deposit. All the infusions containing magnesium bicarbonate were 
very dark, even sumac infusion. 

Conclusion II . — Before drawing the second conclusion which results 
from our experiments, the losses in tannin which occurred in these 
latter experiments have to be compared with those found previously 
during the examination of the action of saline matter on the extraction 
of tannins. The losses in tannin corresponding to solutions of 0*3 
gramme per litre of calcium chloride, sodium sulphate and magnesium 
bicarbonate were calculated by interpolation from the tabulated results 
of this latter research, but the results of the present experiments have 
been brought to 100 parts of the tanning substance used. We thus got 
the following table, in which are given in horizontal lines correspond- 
ing to the letter A, the percentages of tannin when the saline matter 
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is added to the infusion previously prepared in distilled water, and, in 
the horizontal lines corresponding to the letter B, the percentages ob- 
tained when the extraction is made with the saline solution. 


Table X. — Showing Different Results Obtained (A) by Extracting Tannin by 
Distilled Water and then Adding Saline Solutions, and (R) by Using 
THE Saline Solution for Extraction 




I. 

II. 

III. 

IV. 



Distilled 

Same with 

Same with 

Same with 



Water 

0 5 p. 

1,000 of 

0 5 p. 

1,000 of 

0 5 p. 

1.000 of 



Infusion. 

Ca 

Clo. 

Na 

>80j. 

AlglllCOs)... 

Oak tannin 

1 A . 

. 1202 

11*24 

- 0*78 

11*50 

-0*46 

11*73 

-0*29 

1 B. 


9*04 

-2*98 

10*48 

-1*54 

8*15 

-3*87 

Pine tannin 

f A. 

. 19T3 

17*59 

-1*54 

18*63 

-0*50 

17*00 

-2*13 

' B . 


15*10 

-4*03 

15*72 

-3*41 

16*04 

-3*09 

Sumac tannin 

r A. 

1 B . 

. 18*60 

18*69 

16*40 

+ 0*03 
- 2*26 

18*35 i 
17*12 i 

-0*31 
- 1*54 i 

! 

18*10 

15*54 

-0*56 
- 3*12 

i 


The vertical Column I. corresponds, as in the three preceding 
tables, with results obtained with distilled water ; the vertical Column 
II. corresponds to calcium chloride infusions; Column III. to sulphate 
of soda, and Column IV\ shows the figures obtained in presence of mag- 
nesium bicarbonate. The differences between the figures given in the 
lines A and B are considerable ; the losses in tannin observed in the pre- 
ceding experiments were much lower than those obtained in the experi- 
ments relating to the action of salts on extraction. That may be due to 
two causes : (l) The fact that the absence of vegetable cells containing 
tanning matters did not induce osmotic phenomena, and consequently 
the electro-chemical actions to which the previous losses in tannin 
were attributed. (2) The fact that heat was used during the extrac- 
tion of the tannins, and that consequently the saline matters were able 
to act in the hot state more energetically than at the ordinary tempera- 
ture. It is quite certain that heat intervenes in the results, according 
to whether the operation is done in the cold or in the hot state. This 
was well demonstrated in the first examination on the action of Belgian 
tannery waters in the extraction, but it is especially in the osmotic 
phenomena that heat intervenes. It is to facilitate this osmosis that 
the diffusers are heated as much in the sugar industry as in the manu- 
facture of tannin extracts. In the absence of vegetable cells it ought 
to exert a secondary influence, judging from the results given in the fol- 
lowing paragraph, in regard to quebracho extract. That extract was dis- 
solved in the hot state, and consequently the saline matters reacted at 
a comparatively high temperature. Now the losses in tannin are of 
the same class as in the preceding experiments. Even sodium sul- 
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phate has no action any more than in the experiments of Table IX» 
regarding sumac. There is, therefore, in this comparison of results a 
confirmation of the explanation given above of the losses in tannin, 
losses which were attributed to phenomena of an electro-chemical 
nature. A practical conclusion to draw from that is, that in using a 
water charged with mineral matters for the extraction of tannin there 
is every advantage in working on tannin materials ground as finely as 
possible, if it be desired to prevent the destruction of tannin ; it must 
not be forgotten, however, that the more fine the grinding is the 
greater is the number of torn cells, and consequently the more is the 
quotient of purity of the liquor diminished. The influence of this fact 
is not yet very well understood in tanneries. 

Second Series of Experiments. Action of Saline Matter on Tannic 
Extracts, — A large quantity of tannic extracts being now used in tan- 
ning, it is interesting to ascertain what the action of saline water is on 
the solution of these extracts. The two species of products most com- 
monly used were submitted to the previous tests, i.e., quebracho ex- 
tract and chestnut extract. Mimosa extract I), made by Le Petit Dollfus 
and Gansser of Milan, was also tested. It is known that this highly de- 
colorised extract is completely soluble in cold water, and yields quite 
superior results in tanning. It was tried to ascertain what might be 
the action of saline matter on this extract on account of the compara- 
tively high amount of ash which it left on ignition, higher even than 
that of the mineral matter used in the tests. 

Qnehracho Extract. — The quebracho extract was submitted to three 
experiments : (1) In the first the amount of material taken was such 
as to have a concentration double that of the normal concentration pre- 
scribed for analysis. The product was dissolved in boiling distilled 
water, then, after the amount taken for analysis was run into the gradu- 
ated flask, boiling water was run into it up to three-fourths of its volume, 
and allowed to cool slowly after adding the saline matter in a volume 
sufficient to get in the total liquid a concentration of O Oo per cent, (say 
0'5 gramme per litre). Each liquid was analysed on the thiid day, 
after filtration and without dilution with an equal volume ol water, /.e., 
in a word, going outside the conditions imposed by the International 
Association of Leather Chemists. The results obtained figure in Fable 
XI. They show a loss in tannin of 8 () per cent, as regards the liquor 
charged with calcium chloride and of T'S per cent, as regards the water 
charged with magnesium bicarbonate. It was observed that the liquid 
which had passed through the Procter’s filter in the first case (Column 
II.) contained small amounts of tannin, which means that the loss of 8 f> 
per cent, is exaggerated Moreover, very peculiarly, it was found that 
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sodium sulphate, instead of inducing a lo«s in tannin, on the contrary 
gave an increase of assimilable matter. These two facts rendered it 
necessary to make a second series of experiments. (2) This second 
series was conducted in a slightly different manner. The same quantity 
of material was weighed and dissolved in, or at least beaten up 
with, the least possible amount of tepid water, run into the graduated 
flask, cold water added, and finally the saline matter to be dissolved. 
The operation in this case was practically done in the cold, whilst in the 
first case it was done in the hot state. Besides, the filtered liquors 
after three days were diluted with an equal volume of distilled water 
before being passed through the skin powder. The results of the analysis 
are given in Table XII. The loss produced by magnesium salts was about 
the same, whilst, as anticipated, the loss due to calcic salts had de- 
creased. But the liquid clarified by filtration precipitated at the end 
•of some days. As regards sulphate of soda, curiously enough, it be- 
haved in absolutely the same way as in the first instance. In the two 
experiments the substances retained by the skin powder were increased 
by 0’6 per cent. This fact, coinciding with a notable diminution in 
■the ash of the non-tannin compared with the ash of the total extract 
leads to the conclusion that a portion of the saline matter was absorbed 
by the skin powder, but as the same fact does not reoccur in Table XII., 
which gives the results of analysis made on a solution of quebracho ex- 
tract of normal concentration, it may perhaps be concluded that a 
possible combination takes place between the saline matters and the 
tannin of quebracho, a compound which would be absorbed by the hide 
and which would be })roduced in presence of an excess of tannin. The 
high percentages of ash found in leathers tanned with quebracho are 
perhaps due to similar c auses. It appears from a comparison of the 
two tables that the use of heat to dissolve the extract is prejudicial 
to the solution of the tannin, the percentage of which approaches, 
in the second case, that obtained in the normal solution (see Table 
XIII. ). The prolonged action of heat, instead of bringing more matter 
into solution, induces, on the contrary, in pure water and in water 
charged with sodium sulphate precipitations which diminish the total 
extract and the organic extract. But the converse occurs with water 
eharged with salts of the alkaline earths. Another and more important 
fact, which follows from these experiments, is the increase of the non- 
tannin induced in these latter liquors by the action of heat. But if 
solution be effected in the cold, a portion of the non-tannin is precipi- 
tated by salts of the alkaline earths. This fact is of importance in re- 
gard to the purity of the liquor. (3) The third series of experiments 
(Table XIII.) was conducted under normal conditions as regards concen- 
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tration of the solutions. The decrease of total extract and organic extract 
is in the same ratio as in the preceding series, i.e., the precipitation 
was less in solutions charged with sodium sulphate and greater in solu- 
tions charged with calcium chloride. The percentage of tannin found 
in the case of a solution of normal concentration approaches that given 
in the preceding table. In fact, sodium sulphate induces no increase in 
matter assimilable by the skin ; it, on the contrary, causes a slight loss, 
of the same nature as that found with infusions of tanning materials. 

Chesinut Extract (Table XIV.) is especially sensitive to magnesium 
bicarbonate, which rather seems to act physically, for it produces no 
appreciable increase of organic non- tannin. The other saline matters, on 
the contrary, act chemically, especially sodium sulphate. These salts, 
however, also act by precipitation, as is shown by the decrease in organic 
extract. The action of sodium sulphate is quite peculiar, for the like 
does not occur with any other extract. Moreover, the method of manu- 
facture must in many instances intervene in these changes in com- 
position. The loss caused by magnesium bicarbonate, already so 
great, would increase with time, because the liquid, clarified by filtration,, 
showed an abundant deposit in a fortnight. The ash of the non-tannin 
is less by half than that of the total extract. It would, therefore, seem 
that here a portion of the compound which the tannin forms with the 
salt was absorbed by the skin powder, so that the actual loss in tannin 
would really be greater tlian shown by the figures. 

Mimosa D. (Table XV.) is entirely soluble in cold water. It gives 
no precipitate, either with sodium sulphate or with magnesium bi- 
carbonate. Calcium chloride alone causes turbidity. Independently 
of this physical action, all the three saline substances always reacted 
chemically. Sodium sulphate only produced a slight loss in tannin, 
inducing a proportional increase in non- tannin. Its action is analogous 
with all the substances examined, chestnut extract excepted. This 
fact is interesting, because it seems to augur that the ordinary purifica- 
tion of selenitic water may yield good results as far as the solution of 
tannic extracts is concerned. Magnesium salts, or at least the bi- 
carbonate, have also little efi’ect, but it is not the same with calcic salts, 
which behave to mimosa like to chestnut extract by reacting physically 
and chemically. After a fortnight the three clear solutions of mimosa 
extract were still perfectly limpid. A curious thing is that the mineral 
matter contained in this extract seems to have no effect of any kind on 
its composition, whether such mineral matter consists of inert salts, 
sodium sulphate, for example, or whether it exists as organic com- 
pounds. In the latter case they are not, in any eventuality, retained 
by skin powder, as is shown by the ash of the non-tannin. 
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Summing up, it may be said that in these experiments the tannic 
substances examined behave towards saline matter like infusions of 
tanning substances. The losses are small compared with those pro- 
duced in the extraction of the latter. Moreover, a little less regularity 
is noticeable with tannic extracts' but it is possible that the method of 
manufacture must be taken into account. 


Table XI.— Results of First Experiments on Quebracho Extract. Double 
Normal Infusion— Expressed as Per Cents, by Weight of Extract Tested 



i F 

II. 

III. 

IV. 


; Normal 

Same with 0 5 

Same with 0-5 

Same with 0 5 



p. 1,( KX) of 

p. 1,000 of 

p. 1,000 of 
MgtllCOslo. 

i 

' sion. 

CaCl.2. 

Na>2SOj. 

^ Extract total ^ . 

42-2o0 

41-1-20 -1-130 

42-350 

+ 0-100 

41-530 -0-720 

, „ ash 2 . 

1-32.5 

2-850 -f 1-525 

3-875 

+ 2-550 

2-580 +1-255 


l-32o 

3-765 +2-440 

3-925 

+ •2-600 

2-465 +1-140 

' ,, actual or- 





' ganic . 

40-925 

39-800 - 2-125 

41-025 

+ 0-100 

40-205 - 0-720 

Non-tannin total ^ . 

5-100 : 

7-200 -r 2-100 

4-575 

- 0-525 

6-190 + 1-090 1 

,, ash 2 

1-425 

2-100 +0-675 

2-2*25 

+ 0-800 

3-875 : +2-450 


1-425 1 

3-865 +2-440 

4-025 

+ •2-600 

2-565 : +1-140 

., actual 





organic . 

3-675 

5-775 +2-100 

3-150 

-0-5-25 

4-770 + 1-095 

Fixed by skin . 

37-150 ^ 

33-920 - 3-230 

37-775 

+ 0-6-25 

35-340 - 1-810 

Tannin . 

37-250 

34-025 - 3-225 

37-875 

+ 0-6-25 

35-435 - 1-815 

,, loss per cent. 

0-0 ■ 

8-6 

0-0 

4-86 


Table XII.— Results of First Experiments on Qt-ebracho P^xtract. Double 
Normal Solutions— Expressed in Per Cents, by Weight of Ivxtract Tested 


F H. HI. IV. 

Douljle ' Same with Same with Same with 
Normal O .') p. l.tMio , 0-.‘> )>. ],ooo O-.') p. i,(i00 
Infusion. of C aCI... of .\a.,S() 4 . of .M^r(flC(>->T 


Extract total ^ . . . 

44-77 

38-30 

- 6-47 43-50 

- 1-20 

40-29 - 3-48 

a-h2 

1-25 





1-25 

... 




., aciiial organic 

43-52 

37-05 

- 6-47 42-25 

- 1-20 

39-04 - 3-48 

Non-tannin total ^ 

5-2 

1-40 

- 3-80 3-35 

- 1-85 

2-49 -‘2-71 

... i ... 

,, ash- 

1-05 





,, „ 

1-05 

! 

1 ... ; ... 1 



,. actual organic . ’ 

4-15 

’ 0-35 i 

- 3-80 ' 2-30 ! 

- i-85 

I 1-44 * - 2-71 

Toral fixed by skin 

39-57 

36-90 : 

-2-67 ^ 40-15 1 

+ 0-58 i 

i 37-80 -1-77 

Tannin 

39-37 

36-70 i 

- 2-67 39-95 | 

+ 0-58 1 

37-60 i-1-77 

,, loss per cent. . 

0-0 

6-78 j 0-0 

i 

4-50 


‘ Saline matter deducted. 


^ Saline matter included. 


^ Calculated. 
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Table XIII.— Eesults of Second Experiments on Quebracho Extract. Normcl- 
Expressed in Parts by Weight Per Cent, of Extract- Tested 



I. 

Normal 

Infu- 

sion. 

II. 

Same with 

0 5 p. 1,000 of 
CaCE. 

III. ! IV. 

Same with Same with 

0*5 P- 1,000 of 1 O'o p. 1,000 of 
Na2S04. Mg(HC 05 )o. 

Extract total ^ . 

45-04 

42-50 

-2-54 

43-90 

i 

-1-14 i 43-19 

-1-85 

„ ash 2 

2-30 

3-50 

+ 1-20 

0-25 

+ 3-95 4-20 

+ 1-90 

3 

2-30 

7-18 

+ 4-88 

7-50 

+ 5-20 4-58 

+ 2-28 

„ actual organic 

42-74 

40-20 

- 2-54 

41-00 

- 1-14 i 40-89 

- 1-85 

Non-tannin total ^ 

5-85 

4-85 

-1-00 

5*45 

-0-40; 0-19 

+ 0-34 

„ ash 2 

1 1-90 

0-75 

+ 4-85 

0-55 

+ 4-05 i 4-05 

+ 2-15 


! 1-90 

0-78 

+ 4-88 

7-10 

+ 5-20 1 4-18 

+ 2-28 

„ actual organic . | 

3-95 

2-95 

-1-00 

3-55 

-0-40 1 4-79 

+ 0-34 

Total fixed by skin . . ; 

39-19 

37-05 : 

- 1-54 

38-45 

-0-74 1 37-00 

-2-19 ^ 

Tannin 

38-79 

37-25 

-1-54 

38-05 

-0-74 30-60 ! 

-2-19 1 

„ loss per cent. . . ^ 

0-0 

3-97 

1-91 1 5 

■64 1 


Table XIV. — Results of Expi:riments on Chf.stnut Extract — Expressed as Per 
Cents, by Weight of Extract Tested 



I. 

Normal 

Infu- 

sion. 

II. 

Same with O'.j 
p. 1,000 of 
C’aClo. 

III. IV. 

Same with O'o p. ' 

1 non of > ; 1^’ I >000 of 

1,000 0tNa2SO4. 1 Mg(HC03)2. 

Extract total ^ 

37-332 

35-441 

- 1-891 

35-989 

- 1-343 34-667 

- 2-665 

„ ash 

0-803 

2-810 

+ 2-007 

3-723 

+ 2-920 2-445 

+ 1-642 


0-803 

5-683 

+ 4-880 

6-003 

+ .5-200: 3-083 

+ 2-28 

„ actual organic 

36-529 

34-638 

-1-891 

35-186 

- 1-343 33-864 

- 2-665 

Non-tannin total ^ 

9-855 

10-402 

+ 0-547 

10-804 

+ 0-949 10-030 

+ 0-175 

„ ash 2 

0-839 

4-088 +3-249 

3-942 

+ 2-103 1-094 

+ 0-255 

actual or- 

0-839 

5-719 

+ 4-880 

6-039 

+ .5-200 1 3-119 

+ 2-280 

ganic 

' 9-016 

9-5635 

+ 0-.547 

9-965 

+ 0-949: 9-121 

+ 0-175 

Total fixed by skin 

27-477 

25-039 

-2-438 

25-185 

- 2-292 24-637 

-2-840 

Tannin 

27-513 

25-074 

- 2-439 

25-221 

-2-292 24-672 

- 2-841 

„ loss per cent. . ; 

0-00 

8 

86 

8-31 10-31 


Table XV. — Experiments on Mimosa Extract D — Expressed in Per Cents, by 
Weight of Extract Tested 



I. 

IT. 

III. 

IV. 


Normal 

Same with 

Same with 

Same with 


Infn- 

0*5 p. 

1.000 of 

0 5 p. 

1.000 of 

O’o p. 

1,000 of 


sion. 

C; 

f'l2. 

NaoS()4. 

MgiHC'Or+i. 

Extract total ^ . 

48-44 

46-70 

-1-74 

48-50 

: +0-06 

48-39 

-0-05 

„ ash “ . 

6-44 

9-60 

+ 3-16 

12-10 

+ 5-66 

9-30 

+ 2-86 


6-44 

11-32 

+ 4-88 

11-64 

+ 5-20 

8-72 

+ 2-28 

j ,, actual organic 

42-00 

40-26 

-1-74 

42-06 

+ 0-06 

41-95 

- 0-05 

Non-tannin total 

10-55 

12-50 

+ 1-95 

11-40 

+ 0-85 

12-19 

+ 1-64 : 

„ ash - 

6-30 

11-40 

+ 5-10 

12-15 

+ 5-85 

8-85 

+ 2-55 i 

3 _ 

6-.30 

11-18 I 

I + 4-88 

11-50 

+ 5-20 

8-58 

+ 2-28 i 

,, actual organic i 

1 Total fixed by skin . 

4-25 

6-20 

+ 1-95 

5-10 

+ 0-85 

5-89 

+ 1-64 1 

37-89 

34-20 

t “3-69 

37-10 

1 -0-79 

36-20 ; 

- 1-69 ; 

Tannin .... 

37-75 

34-06 

-3-69 

36-96 

i -0-79 

36-06 i 

- 1-69 

,, loss per cent. 

0-0 

9 : 

■74 

2 

-08 

4- 

46 


^ Saline matter deducted. Saline matter included. ^ Calculated. 
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Various Chestnut Liquors and Extracts. Auah/tical Tables showing Com- 
positions. — Commercially, it requires on an average 1,300 to 1,400 
kilogrammes of liquor of the following composition, which generally 
titrates 3*8° to 4*3° B., to produce 100 kilogrammes of chestnut extract 
of 25° B., say a yield of 13 to 14 per cent. : — 


Table XYL— Showing Composition of Yabious Chestnut Wood • 
Liquors and Extbacts, 


i 

A. 

B. 

u. 

D. 

E. 

F. 

G. 

n. 

Soluble tanning 









substances . 

8 -92 

29-20 

29-25 

28-88 

84-80 

80-00 

19-00 

48-00 

Non-tannins . 

2-8(5 

10-0 

18-10 

10-09 

15-80 

14-00 

12-20 

87-70 

Water 

' 1)8-47 

()0-(i0 

57-42 

00-11 

48-90 

48-70 

00-80 

19-00 

Insoluble . 

0-25 

0-20 

0-17^ 

0-82^ 

1-00 

1-80 

1-90 

0-80 


^ 100-00 

100-00 

100-00 

100-00 

100-00 

100-00 

100-00 

100-00 


A, chestnut liquor, total soluble, 0*28.— B, chestnut extract 25°, rational manufacture, 
from a factory treating a iiiixti re of Lyoniiais, Charollais and Dauphine wood. 
Dry residue 0-2, density at Is^ C.^ 1-207, 25*2^ B. A well-clarified extract, 
pretty well decolorised, scarcely becoming turbid when cold, even aft^i- long 
standing of the solution.— C, 25° chestnut extract made at the factory at 
Genolhac, Gard, by Ausset and Hermet. Yery fluid, decolorised, very readily 
soluble in the cold.— D, 25° chestnut extract from the factory of Roubin et Cie, 
at Lalevade. Ardeche. Extract well clarified and decolorised, very soluble in 
the cold, made exclusively with Ardeche wool.— E, 30° chestnut extiact of La 
Socitdo des produits Chimiques de Saint Chamond, Loire. Pretty well de- 
colorised. gives a slight turbidity with cold water and deposits rapidlv on 
standing. This factory works a mixture of Lyonnais, Auvergne and Yivarai 
wood.— F, analysis of 80' chestnut extract from a Corsican factory. Clarified, 

but only slightly decolorised, with a somewhat thick deposit on standing. G, 

20" chestnut extract {•‘ Gallique for dyeing, made as mentioned from iin- 
barked wood and the concentration of the crude liquors from the macera’ion 
(under a pressure of 2 kilogrammes). Tnis extrac: becomes cloudy in cold 
N\ater and even in hot water, yields a dark brown solution which is, however, of 
no importance, as this product is intended for dyeing or for the manufacture of 
boiler fluid.- H, dry ehesinut extract made by concentrating 25° extiact at 45^^ 
in a rotary apparatus in vuciio. Yery soluble in water, where it only gives a 
slight turbidity. 


^ Ash. 



CHAPTER II 


PLANT AND EQUIPMENT FOR TREATING CHESTNUT WOOD 

System of Heating — Steam Boilers — Management and Upkeep — Furnaces 
and Various Gazogenes — Chimneifs — Steam Engines — Cutters — Cup 
Elevators — Conveifers 

Boilers with Two “ Bouilleurs ” with or without Reheaters. — The system, 
with great reserves of water and steam, with economical resulU, allow- 
ing the fixing of grates of large section for the adaptation of generator 
(gazogenes) furnaces burning the waste or chips of the exhausted wood 
is that to be recommended for extract factories. Fig. shows a boiler 
of this kind. 



Fig. G4. — Roiler with two bonUlciirs. 

Muliihouilleur ” Boilers with Reheaters. — System, with great reserves 
of water and steam, allowing the use of very variable quantities of steam 
without inconvenience. Methodical lieating, easy cleaning. Very good 
calorific results. Recommended for large tanneries and extract factories, 
permitting also the special adaptation of gas generator (gazogenes) fur- 
naces burning spent tan or exhausted wood chips with 55 or 60 per 
cent, of moisture. Fig. 65 shows a boiler of this kind ; the tops of the 
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heads of the homlleurs and the reheaters are made of stamped steel. In 
a’general way, in normal working the boiler vaporises about 14 kilo- 
grammes per square metre of heating surface. 

Boilers with Interior Furnaces and Galloway Tubes, — Finally, a type of 
this kind is shown in Fig. 66. It is that which is most suitable for an 
extract factory and in which the calorific utilisation of the hot gases is 
a maximum, with an enormous evaporating capacity. 

Management of the Boilers, — In the case of three boilers, \os. 1, 2, 3, 
one of which is standing. 



I'lc. C)~), — Multibonilleur boiler. 

Rotation of Boilers and Cleaning. — The boiler must be changed every 
two months, in such a way that each works during four consecutive 
months. Each time that the boiler is changed, that is to say, every 
two months in normal working, it is necessary, as soon as the boiler is 
cold, to empty it, undo the manhole, inspect the inside, scrape off the 
encrustation if need be, clean the smoke flues, close up the manhole, fill 
it up again so as to bring it in a state fit for working as soon as pos- 
sible, so as to cope with any accident to the other boilers. 

Extractions. — If the water be strongly calcareous (very hard) it will 


PLANT AND EQUIPMENT FOR TREATING CHESTNUT WOOD 163 

be necessary to make an extraction each morning from each boiler so as 
to remove the mud in the boilers. Each extraction should be about 20 
cm. (8 inches) of water. ^ To make an extraction from a boiler all that 
has to be done is to open the tap of one of the lower bouilleiirs and 
allow the level to fall 10 cm. (4 inches), close that tap and open the 
tap of the other to lower its level 10 cm. (4 inches), and close that tap. 

Water-Level , — The water-level ought always to be kept as near as 
possible to the line marked water-level. It should not be allowed to 
fall below it, nor rise more than 10 cm. (4 inches) above or below the 
normal level. If, by accident, the level falls lower, and especially if 
no water is to be seen in the gauge glass, the boiler is in danger of 
explosion. In that case it is necessary to feed the boiler immediately 
and to close the damper completely, so as to stop heating. If the water- 
level rises higher than 1 0 cm. (4 inches) above the normal level, there 



IiG. 66. — Boiler with two interior cylindrical furnaces with Galloway tubes in the 

furnaces. 

is a risk of water being entrained by the steam and of causing the 
engine cylinders to jump. In that case the water feed must be immedi- 
ately shut off, and water run off to bring the water to its normal level. 
These are two of the most grave faults on the part of an engine-driver. 
They may cause an explosion in the boiler or the steam engines. 
Each morning the engine-driver ought to manipulate all the water-level 
(gauge glass) taps, not only those on the cast-iron foundation, but those 
used for blowing off’ This precaution is necessary so that the taps do 
not become fast and cannot therefore be turned instantly at the moment 
when a gauge glass breaks. 

Pressure . — The driver is entrusted with the manipulation of the 
registers (dampers) so as to increase or arrest the pressure according to 
the indications of the pressure gauge. He ought, each morning, to 

^Noyer’s Paratartar prevents encrustation. 
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mount the boilers, and lift gently and very slightly by hand each of 
the safety valves, so as to let them blow off. This precaution cleans 
the seat of the valves and prevents them becoming fast, which may 
occur when they seldom or almost never blow off. When the pressure 
rises above the regulated and the valves blow off strongly the principal 
dampers must be closed, the Iwilers fed a little more rapidly (unless the 
water-level be not already too high), and arrangements made with the 
man in charge of the autoclaves or steam engines to take a little more 
steam, if possible, for a moment, until the pressure is reduced to its 
normal figure. The engine-driver ought to repair, forthwith all leakage 
which occurs in the valves of all the boiler taps. 

Feed Pumps and Boiler Valves . — The valve for applying steam, on 
the feed of the boilers which supplies the feed pumps, ought to be 
entirely open. 

Starting the Pumps . — To start a pump first open the two blow-off 
cocks of the steam cylinder (they ought moreover to be open since the 
preceding stoppage), then open very slightly the steam valve on the 
pump to blow off the condensed water contained in the pipe and cyl- 
inder. When no more water issues from the blow-off ta])s close them, 
and increase the opening of the steam valve until the speed of the 
pump is attained. 

Speed of the Pump . — One pump alone must be kept constantly at 
work at reduced speed without ever stopping. This style of working 
greatly preserves the pumps and generates more steam from the 
boilers. When, in order to keep the boilers supplied with water, it is 
necessary to work a pump at rather high speed, but which never ought 
to reach more than 80 to 90 strokes, that is a sign that the water 
piston has much play in its cylinder; it must then be dismantled and 
its packing renewed.^ 

Stopping the Pump . — To stop the pump the steam valve must be 
completely closed and the blow-off cocks of the steam cylinder opened. 

Pump Joints. — (1) The joints of the bottoms of the cylinders and of 
the bell for the return air ought to be made from a sheet of thick 
paper or of thin, carefully cut rubber. (2) The water piston ought to 
be packed with tallowed hemp for cold water, bronze for hot water. 
(3) The packing of the stuffing boxes with glands, piston rods, ought 
to be made with a layer of fine asbe.stos. Such stuffing boxes ought 
to be screwed up as lightly as possible, and just enough to prevent 
escape of steam. 

luspecling the Plunger . — If the pump does not work properly, that 

^ To obviate intennittent feeding Koerting’.s automatic feeder is now used. Its 
constantly normal working is a real safeguard. — J. N. 



PLANT AND EQUIPxMENT EOR TREATING CHESTNUT WOOD 165 

is generally due to the plunger. It must be inspected, but it is not 
necessary to remove the plunger box ; it is necessary to clean it as well 
as its seat, but it must never be filed. The plunger ought to be re- 
placed in the direction in which it was taken out. 

Lubricator, — The lubricator ought always to be open, and the jet 
which regulates the supply of oil ought always to be adjusted to the 
same mark so that there flows about two drops per minute. Lubrica- 
tion must have careful attention, because on it depends the preservation 
and good working of the pump. 

Feed V alves on the Supply lank. — There ought, at least, to be one 
valve open on the feed even when the pumps are stopped. When it 
is desired to change the boilers, first the valve of the new boiler is 
opened and the old one closed, or hpth operations may be done simul- 
taneously. From time to time it is necessary to make sure that the 
valves fixed on the rqturn stroke of the pumps on the cast-iron feed, 
and those placed on the reheaters, work properly. One should feel 
each shock which they produce, each pulsation of the steam pump. If 
it were otherwise in the case of either it would be a proof that it was 
stuck and required inspection and cleaning. 

Heated Surface of Steam Boilers for Use in Extract Factories. — The 
many years’ experience of the authors, acquired in different tannin 
factories, enables them to affirm that the heating surface of the steam 
boilers is always represented by 5 square metres (54 square feet) in 
factories working by double effect and 4 square metres (43 square 
feet) in factories working by double effect — in both cases per metric 
ton of wood treated. 

Different Furnaces and Gazogenes (Gas Generators). Bonnet-Spazin s 
Gazogene Furnace. — This system, shown in Fig. 67, is really a Faye’s 
furnace improved by the addition of an actual combustion chamber, of 
a front armature to regulate the heat B behind the furnace A, and a 
manhole, G. As used to burn intractable fuel, such as exhausted wood 
chips or shavings from tannin factories, lignite, turf, etc., it must not 
be forgotten that the furnace in question is a sort of gas generator 
(gazogene) with its combustion chamber, its grate and its systematic 
feed-hopper, E, through which it is fed by the intractable fuel to be 
burnt, which clearly shows that the system as a whole depends upon a 
distillation of the intractable fuel, so as to produce inflammable gases, 
which bum in this combustion chamber with an intensity which develops 
an amount of heat which few furnaces of this kind produce, for it may 
be taken that 1 kilogramme of exhausted chips, with 60 to 62 per cent, 
of moisture, yields D4 kilogrammes of steam. This furnace, therefore, 
utilises wood so much the better as it distils it the more perfectly. Its 
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working is rational, by excluding any addition of coal to the fuel, 
because that paralyses the distillation by inducing the burning of 
the chips on the grate, and in the bulk of the woody mass in such a 
way that a portion of the combustible gases are already burnt up prior 
to their entrance into the combustion chamber, which diminishes the 
intensity of the heating of the boilers, under which this system of 
furnace is applied, by shortening the length of the flame, which ought 
to sweep about half round the boilers. Besides, the use of coal in- 
duces the formation of clinkers which attach themselves to the grate, 
which necessitates too frequent raking by the stoker, entrance of air 
and all the other evils inherent to the use of any other fuel than spent 
chips in this special case. 



Fi<i. Ii7.— BoniH't-Spazin's furnace. 

Practically, this system of gas generator (gazogene) furnace re- 
quires for normal working S’o square decimetres of grate per square 
metre of the heated surface of the boiler, 3' 5 square metres per 100 
square metres of the heated surface. Moreover, it is necessary that in 
all the parts of the boilers tlie section of the Hues should not be less 
than j to I of the surface of the grate. 

Working of Gazogene {Gaa Generator) Furnmes . — If the masonry of 
the furnace be new it must be dried by keeping up a gentle wood fire 
for several days. Light the fire, working thus : Nearly close the main 
damper of the boiler to prevent too much draught. Spread on the grate 
a layer of readily inflammable fuel, shavings, paper, etc. Above this 
place a layer of well-dried twigs, and above this again some chumps of 
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dry wood. (In extract factories a stock of dry exhausted chips for use 
in lighting up and stimulating the combustion of the furnaces is always 
kept on hand.) The chumps of wood may either be thrown in through 
the furnace mouth or through the hopper. When the grate is charged 
the hopper is closed by an iron plate. Lay the fire on the lower bed 
in several places, simultaneously close the (’oors of the ashpit and 
open the furnace doors a little. Close the furnace doors when the 
whole surface of the grate is kindled and open those of the ashpit 
slightly. From time to time throw in chumps of wood — always dry — 
as the previous ones are burnt, and so keep up the fire. This heating 
with wood is continued as energetically as possible until the arch of 
the furnace and the combustion chamber are bright red. If need be 
the damper may be raised, but generally very little, to stimulate the 
combustion. When the combustion chamber is heated to quite its 
normal temperature one of the hoppers on the side is uncovered and 
charged with chips, care being taken to use rather dry chips. The fire 
is fed with chips through the first hopper and by chumps through the 
others for about half an hour, and when the first hopper is alight the 
same process is gone through with the other side hopper, then after- 
wards with the middle hopper if there be one on the furnace. When 
all the hoppers are filled with chips the main damper ought to be 
raised a little. The furnace is thus lighted up. The success of the 
operation depends especially on the heating of the masonry, which 
afterwards produces the distilhition and inflammation of the chips. 
There need therefore be no fear in heating the furnace strongly before 
feeding it with chips. 

Rules for IVorking the Furnace . — The chips should always cover the 
hoppers, to avoid access of air through them. The chips should descend 
continuously and regularly. Care must be taken to ascertain from 
time to time that no arches or vacant spaces are formed to prevent 
their descent and that only wooden bars are used as pokers. The ash- 
pit doors ought to be always more or less open, the furnace doors closed, 
the valves of the latter generally open, the inspection pipes generally 
closed. The speed of combustion is regulated by opening the damper, 
but in a general way it ought to be always slightly open. These rules 
are only approximative ; they may vary with the draught of the chimney 
or the percentage of moisture in the wood. The inspection pipes end- 
ing in the combustion chamber indicate the intensity of the fire, and 
admit the complement of oxygen required for the inflammation of the 
gas in this part of the furnace. When the grate is in good working 
order, which is especially the case on starting work, the damper should 
be opened verv little, the flap valves of the furnace doors closed and the 
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ashpits only half opened, for if the combustion be too much stimulated 
on the grate distillation is too rapid and the gases do not become in- 
flamed. When the grate becomes encrusted, the damper must be raised a 
little, the ashpit doors opened gradually to a greater extent, the flap 
valves of the furnace doors opened, and, if need be, one of the furnace 
doors is left ajar to adhiit air above the grate. This latter precaution 
is especially necessary when the grate is greatly encrusted. When the 
furnace is working well no smoke should issue from the lurnace, and in 
the gas chamber the fire should be bright red, without flame or smoke. 
When it is necessary to stimulate the fire to get up pressure the poker 
or shovel is thrust underneath the fuel to remove the scoriae which 
obstruct the entrance of air, and the main damper is raised a little, 

Sight Fire. — To keep the fire banked up during the night the 
hoppers must be well rammed with a wooden poker so as to press down 
the fuel as far as possible. It is then necessary to tramp with the 
feet on these hoppers and to make a heap above each, which is also 
trodden down under foot so as to pack the chips tightly. The damper is 
almost completely closed, but so that the smoke does not issue above the 
furnace. The furnace and ashpit doors are completely closed. The 
night-watchman ought to ascertain every time that he inspects the boilers 
that the furnace fire has not entered into combustion and that the pres- 
sure of the boilers has not increased. In the morning, to stimulate the 
fire, the main damper is raised to its normal height, the ashpits opened 
as customary, and the poker or shovel thrust under the grate to let the 
ashes fall which have formed during the night and block up the grate. 

Cleaning Out the Grates. — The grate takes about eight or ten days to 
get dirty, so that complete cleaning need only be done after that interval 
has elapsed. This cleaning is done in sections, by cleaning out one 
hopper every four or six days, for example. The cleaning is done as 
follows : The wood filling the hopper to be cleansed is tramped down 
so as to form an arch and stop the descent of the fuel ; the fuel on the 
grate is allowed to burn out, which takes about ten minutes, and only 
the corresponding part of the grate is cleaned. During this time the 
descent of the wood down the other hoppers is forced a little, and as 
soon as the cleaning of the hopper is finished, the cleansed portion of 
the grate is covered with inflamed fuel from the neighbouring hopper ; 
then when the fire has resumed its normal working the wood is made 
to descend as formerly through all the hoppers, poking through the 
arch formed in the beginning. It is necessary to select for cleaning a 
time when the pressure is high and when the consumption of steam in 
the different departments of the factoiy is low. 

Cleaning of the A.fhpit and the Heating Chamber. — Every morning all 
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the ashes in the ashpit must be removed. After clearing it out the 
small tub in the ashpit must be filled to the brim with water. This 
tub ought to be filled with water two or three times a day and night, 
so that the ashes may be always drenched as soon as they fall from the 
grate. After each cleaning of the grate or part thereof the clinkers 
must be removed outside, and not piled in a heap in the heating 
chamber. This heating chamber ought always to be in good working 
•order, and the gangway in front of the facades well cleared, so that 
the ashpit doors may be easily handled. 

Godillot's Furnace. — For the combustion of intractable fuel, spent tan 
■or exhausted chips, the systematic combustion furnace of Godillot seems 
to the authors to be perfectly adapted. A summary description 
will, therefore, be given of this system, which has received numerous 
applications, both in tanneries and in the tannin industry. To realise 
perfect and hence economical combustion in a factory furnace, the 
amount of air required to burn the fuel must be brought on to the 
grate and spread regularly over it. It will be seen, therefore, that if 
it is desired to use such fuel as moist tan chips, impregnated with 
water or residuals from extract factories, the largest of ordinary grates 
are defective, each charge blocking up the interstices through which 
the air passes, and almost extinguishing the portions in ignition. Take 
as an example of the poverty of these chips the residue from the manu- 
facture of chestnut extract. The chips, as they issue from the decoc- 
tion, contain 66 per cent, of moisture and per cent, of woody fibre 
(cellulose), the calorific capacity of the woody fibre being half that of 
coal, 4,000 calories instead of 8,000, the 84 of woody fibre may be re- 
placed by 17 of coal. This substance may, therefore, be compared to 
a fuel containing 1 7 of coal and 66 of moisture, or bringing the total to 
100, 20 per cent, of coal and 80 per cent, of moisture. It will be seen 
that the ordinary grate is quite unfit to burn such fuel. Besides, 
intractable fuel is bulky. The following table gives an idea of the 
space occupied by each : — 

Tabt.e XVII.— Comparative Value of Waste Products Used as Fuel 



A. 

B. 

V. 

D. 

K. 

F. 

G. 

H. 

I. 

J. 

Moisture . 

08 

-52 

02 

40 

55 

00 

14 

12 

5,500 

29 

05 

Calorific intensity . 

800 

1,400 

1,200 

2,000 

1,-500 

1,100 

5,200 

2,000 

2,000 

Weight (kg.) of cub. ' 
met. 

oOOi 

mo 

500 

500' 

150 

200 

200 = 

140 

200 

000 

Kg. = 1 ton coal . ; 

1.000 1 

5,700 

0,000 i 

4,000 

1 5,500 

7,500 

2,500: 

2,400 

5,200 

4,500 

Cub. met. = 1 ton coal 

20 i 

17^ 

15 

14 

j 55 i 

1 1 

50 

10 

1 - 

12 

10 

i 


A, wet spent tan ; B, drained spent tan ; C, chips from extract factories ; D wet sawdust ; 
E, wet bagasse (cane sugar) ; F, wet cane chips from diffusion ; G, dry chips (oak) , H, 
rice hulls; I, linen waste ; .1, peat. 
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The last horizontal line of the table shows the volumes in cubic 
metres equivalent to 1 ton of coal. Thus, to replace a ton of coal, it is 
necessary to burn 20 cubic metres of wet spent tan, 35 cubic metres 
of bagasse, or 13 cubic metres of exhausted chips. To accomplish this 
result Godillot designed a pavilion grate in the shape of half a cone. 
It consists of horizontal, semicircular bars, the diameters of which 
decrease from base to summit. These bars overlap like the laths of 
Venetian blinds, so as to retain the finest particles, whilst allowing the 
necessary space for air to pass through. Hand stoking of these 
enoimous bulks would be too severe a task. The mechanical stoking 



l io. fjs.— Godillot's furnace applied to a seini-tubular boiler, 
is done by means of a cast-iron helix with increasing '^buckets ” (augcts) 
[expanding screw]. Woody fibre is in the form of irregular, filamentous 
fragments ; spent tan and bagasse do not run readily, because the 
particles descend for certain on to the threads of the helix and 
cannot get freed therefrom. The cone of the helix, instead of being 
cylindrical is conical, and the point is directed towards the exit, so 
that the space between the threads of the helix shows an ever-increasing 
capacity. In this way the helix can draw along the material through*^ 
out the whole length of the hopper, at the bottom of which it turns. 
Fig. b.S shows the plant used by Luc and Patin, manufacturers of 
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oak extract at Nancy, where chips are burnt with 62 per cent, of 
moisture. The substance to be burnt is run into the charging hopper ; 
the helix, with increasing thread, brings it to the top of the pavilion 
grate ; it dries, heats, inflames, descends on the slope of the cone in 
the form of a thin layer, in proportion as the fuel underneath is con- 
sumed ; finally, it reaches the horizontal grate, where the combustion is 
finished, and where the ashes accumulate ; they are easily withdrawn 
by the side doors for the purpose. The furnace works quite regularly. 
Luc and Patin s plant comprises seven furnaces, heating 500 square 
metres of heating surface ; the economy realised is 1 8 tons per day. 

One kilogramme of drained {essoree) spent tan, with 55 per cent, 
of moisture, barely converts 450 grammes of water into steam, in 
ordinary plant, whilst in experiments made by M. Compere, engineer- 
director of the Parisian Association of Steam-boiler Proprietors, on 
Godillot’s plant, 1,700 grammes were obtained. Godillot has erected 
a similar installation for six boilers, 500 square metres of heating 
surface, at the Gondola factory at Nantes, likewise for the Company 
of Fives-Lille, for the factory of Di Vono-Pringo (Java), for the factoiy 
of Trystam & Co. at Dunkirk, with the same success. The advantages 
of the plant are the following : (1) The raising of poor material to the 
rank of industrial fuel ; (2) better combustion ; (3) regularity in 
working, which avoids the risk of overheating and allows of a regular 
draught ; (4) elimination of access of air ; (5) simplification in stok- 
ing ; (6) complete prevention of smoke, even in the case of most 
smoky fuel. 

Chimneijs. Brick Chhnneifs . — There is an advantage in a tannery 
having a brick chimney lined at top and bottom ; it should be fur- 
nished with a lightning conductor, and its interior fitted with access 
ladders, because this kind of industry does not require great regularity 
of pressure in the boilers, even if it utilises its spent tan as fuel, using 
a gazogene furnace, which requires a chimney section of 64 square 
decimetres or 900 millimetres of diameter at the top per 100 sqiiaie 
metres of heating surface of the boilers. 

PraC.s Chiinney with Forced Draught} — Extract factories, of which 
the output and the regular working of the manufacture are a function 
of the pressure of the steam, have a greater interest in installing a 
chimney with forced or mechanical draught, which consists in pio- 
pelling into a special apparatus, termed the pressure transformer, a 
current of air under pressure, generated by a fan, placed outside the 
circuit of the gases to be entrained, and which generates by its pas- 
sage an induced current which entrains the combustion gases. This 
J Now advantageously replaced by Sturtevant’s system. 
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transformer may either be placed in the interior of the chimney^ to 
increase the draught, which may increase from 2 to 25 mm., or directly 
in the main flue, where the combustion gases join, where it then does 
the duty of the chimney. Fig. 6^ shows in section the principle of 
this system, which has since 1 896 received numerous applications, and 



Jig. 69. — MeehanicaJ draught applied to a furnace. 

which consists in the aggregate of: (1) a centrifugal fan (blower) 
placed outside the circuit of the combustion gases, so as to avoid 
simultaneously its oxidation by sulphurous acid, or its encrustation by 
soot, and its heating by gases, generally at a high temperature ; (2) a 
transformer of pressure forming a chimney; (3) a vent pipe, with 
regulating valve, conpecting the ventilator with the transformer. 
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These appliances, in view of their maximum utilisation, are calculated 
and constructed on a practical basis by which it is possible to obtain 
(1) a better yield of the pulsating fluid; (2) the free propulsion of 
the gases aspirated. It may be said that the draught in constant 
working, which can be realised with a motor power of about 1 per 
cent, of that produced by the boilers, by means of a simple fan 
placed outside the circuit of the combustion gases, with the pressure 
transformer adjusted to the orifice, in which it is to be used, and with 
the autovariable depression which results therefrom, has not only 
great aspiration capacity, allowing of its utilisation in all degrees of 
intensity of combustion, whilst rendering heating easy and economical, 
but it still further presents a real superiority over fans which aspirate 
or. directly propel the combustion gases. This system of draught by 
suction maintains its superiority, both as regards working expenses 
and general working, even over ordinary chimneys with natural draught. 
Thus it may be pointed out tliat an extract factory, treating 60 tons 
of wood per twenty-four hours, consequently requiring 240 square 
metres of boiler surface and 8*4 square metres of grate (in the case 
of a gazogene furnace), will constantly require a natural draught 
chimney of about 30 metres in height and 1*4 metres of diameter (1*5 
metres in section), which would be replaced by a chimney with me- 
chanical draught on Prat’s system of 10 metres in height only. In the 
case of a Godillot furnace (pavilion grate) and for a boiler of 100 
square metres of heating surface, it is necessary to take 62 square 
metres of section or 800 mm. in diameter as the section to be 
given to the chimney. 

Steam Engine , — It will be sufficient to point out that the choice of 
a steam engine in an extract factory is not of great importance, the 
escaped steam being invariably and totally utilised in heating the 
evaporation plant and for the concentration of the tannic liquors. 
Nevertheless, it will be well preferably to adopt a horizontal system, 
with condensation and expansion capable of being varied by the 
regulator, revolving at the rate of 60 to 100 revolutions ; this arrange- 
ment allows in the first place of sure and constant working, at the 
same time that the facility^ of economic working may be by escape, 
or, if need be, by condensation. Fig. 70 shows Robatel, Buflaud Co.’s 
type, of which the regular working, the solid construction, the simple 
management, the easy instillation, and the maintenance, which costs 
nothing, have caused it to be adopted in many fiictories. 
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Steam Engines, Maintenance . — Ascertain regularly on each occasion 
before starting the steam engines that no workman is engaged with the 
belts or shafting, and no tool or material of any sort that may cause an 
accident is in the way. Stop the steam engines preferably at the dead- 
point so as to have the piston rod completely out of the cylinder. To 
start an engine it is necessary : (1) To open widely the steam valve on 
the steam feed from the boilers, but very slowly, especially if the'pipe 
js cold, so as to heat it gradually and avoid bumping of water ; (2) 
bring the engine to the dead-point in front if it is not so already ; open 
the blow-off cocks of the steam box and cylinder in front and behind ; 
(3) open the steam valve on the engine to reheat and blow off"’ the 
rear part of the cylinder ; (4) close the steam valve, turn the engine 
by hand to bring it to the dead-point behind, and again open the steam 
valve to heat and ^^blow off"" the front of the cylinder. During the 
time of heating the cylinder, fill the lubricator with oil, lubricate all the 
joints which only possess one lubricating hole and regulate the auto- 
matic lubricators with visible flow ; (5) when the cylinder is com- 
pletely warm and the lubrication finished, close the valve of the engine, 
place the latter by hand at its starting-point, that is to say, a little be- 
yond one or other of its dead-points, and open the valve gradually until 
it is completely open in proportion as the engine assumes its speed. 
Leave the blow-off cocks entirely open for the first two minutes after 
starting, then close them. To stop an engine slowly, close the steam 
valve on the engine as well as the automatic lubricators. The engine 
ought to be stopped at one of its dead-points, preferably at the front 
one, and if it does not come into that position it must be brought so 
by hand. Ascertain before starting the steam engines that the butterfly 
valve of the escape is open to the free air if the evaporating plant is 
not at work. For lubricating the engines it is necessary to use valvo- 
line for the cylinder and the draw box (a thick and black oil), and for 
the bearings, crank, eccentric, regulator, etc., machinery oil of good 
quality. Make sure always that the automatic lubricators work per- 
fectly, and keep the glasses of the lubricators of the cylinders and of 
the draw boxes quite clean so as to verify always the flow of oil. 
Engines ought to be kept very clean, the polish parts cleaned every 
day, the rough parts well wiped. When the mechanic finds that one 
of the organs of the engine has become hot, he ought to force the 
lubrication of that organ, watch it attentively, and if the heating per- 
sists advise the foreman, who will order, if need be, the stoppage of the 
engine and an inspection of the damage. 

General Shafting . — The whole of the shafting should be lubricated 
every morning and evening. At each stoppage the shafting should be 
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inspected to see that no bearing has become heated ; as soon as it is 
perceived that one of the bearings has a tendency to become heated, it 
must be closely watched and its lubrication forced up to the next stop- 
page. If need be, stop at once and lift the cap to see that there is no 
obstruction on the bearing or the shaft ; should there be any trace of 
obstruction, remove it immediately before starting again, and take care 
to clean the lubricators and then the lubricating holes and the little 
grease channels in the shaft cushions. 

Fixed Pulleys. — In the case of all pulleys in two pieces make sure 
that all the pins are perfectly screwed to the block and that the collars 
have no play. If it be seen that any of the pins are unscrewed stop 
the shafting at once and rescrew these pins ; rescrew the collars im- 
mediately if need be. 

Loose Pulleys. — It is necessary when inspecting the bearings to in- 
spect the loose pulleys at the same time and insert lubricant in their 
lubricator and see that they do not heat. If one begins to heat, the 
shafting must be stopped, the lubrication of that pulley forced and re- 
started. If the heating persists, which is a sign of obstruction, it is 
necessary to undo the shafting which carries this pulley; remove the 
obstruction, clean the lubricator, the lubricating holes, and the little 
grease channels of the locking ring. 

Piping and Taps in General. — Each department where steam is used 
having its special valve for drawing steam from the boilers, this valve 
should be perfectly open when the corresponding department is at 
work and completely closed when it is stopped. When the valve on the 
boilers is opened it must be done very slowly ; first of all only run on a 
thread of steam to heat the pipes throughout its length, and gradually 
open afterwards to avoid all bumping, which would cause the joints 
to bump and the pipes to burst. All the valves and all the taps 
ought to be kept constantly in perfect working order, the stuffing 
boxes and the joints quite tight ; all leakage ought to be noted and 
repaired forthwith, however small it may be, as soon as it occurs. 
The joints of the pipes and the steam taps should be made with 
best quality of sheet-rubber of 4* to 5 mm. thick with brass-wire 
gauze insertion. The packing of the glands of the valves and taps 
ought to be made with a layer of asbestos of the desired size, and 
these glands ought to be packed as little as possible, only enough 
to prevent any escape of steam. Take care in all the taps to 
screw the pins of the glands very equally so as not to wedge 
them. 

Elevators and Conveyers. Ewart's Chain Elevator. — This system con- 
sists (Figs. 71 and 72) of links which may be aggregated together and 

12 
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detached at will. The links are generally rectangular, three of the sides 
are cylindrical, and the fourth consists of a hook. This chain is of malle- 
able cast-iron, of quite a special quality ; all the links are rigorously 
calibrated, and consequently interchangeable, which assures regular 
working, along with the greatest facility for elongating and shorten- 
ing the chain at will without loss of time. Although Ewart's chain 
is made of metal, it is not, for equal effort, heavier than a belt ; in 
many cases it may even be less. 



Fig, 71. — “Ewart’s” chain. Fig. 72. — “Ewart’s” chain coupled. 


Harrison s Chain Sy.steni. — HaiTison’s chain consists of closed links 
and open junction links. Fig. 73 sufficiently show’s the method of con- 
necting up the chain. Like Ewart's chain, Harrison’s steel chain is 
applied to elevators, conveyers, etc., but it is more particularly adapted 
for plant that has to do heavy work, or where the conditions of resist- 
ance of cast-iron would involve the use of two coupled Ewart chains, 
or at least a strengthened and consequently a heavier chain. Harri- 
son’s chain was first made ot cast-iron, but the simple and regular form 
of the links led to its manufacture in cast-steel, which has placed it in 
the first rank of chains with detachable links. At the present day the 
firm of Burton Fils, of Paris, who are specialists in this branch of con- 
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stniction, manufacture this chain in stamped steel, which still further 
increases its durability and its resistance to rupture. 

Vlummer Blocks. Cast-iron Feed Receivers. — Figs. 7 4 and 7 5 show these 



Fig. 73. — “Harrison’s” chain. 



Fig. 74. — Plummer block. 



Fig. 75. — Cast-iron receiver. 


180 THE MANUFACTURE AND TESTING OF TAN WOOD EXTRACTS 

accessories which complete with the chains and the stamped sheet steel 
cups the whole elevator shown in Fig. 76. 

Conveyers . — These appliances, which generally receive the chips of 
wood or ground bark from the elevators, consist of an endless cotton band, 
of dimensions corresponding to the capacity of the elevators, of two rolls, 
or steel drums, the one a transmitter of speed, the other a receiver, and of 



Fk:. 70. — Elevator, 

some sloped rolls along the length so as to guide the edges of the band. A 
conveyer may also be fitted with a movable truck, which enables the chips 
or bark to be discharged, in any point of the wood granary in extract 
factories, or in the warehouse for crushed bark in tanneries. Figs. 7 1 
and 78 show these two applications. 

Chip Granaiy , — The men allocated for filling autoclaves ought to 
use every effort to conduct the operation as rapidly as possible ; they 
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ought to begin to shoot the chips as soon as the signal is given by the 
battery foreman. During the time which elapses between the two 
charges they ought to accumulate as much wood as possible on the 
aperture of the autoclave. The chips must not remain more than three 
or four days in the granary, as they are liable to ferment ; it is necessary 
therefore to empty this granary every four days, at least, by collecting 
together all the chips from the far corners. The men ought to remove 



Fio, 7!^. — Portable track of conveyer. 


carefully all pieces of iron, large or small, which maybe mixed with the 
chips. No piece of iron, however small, should ever enter into the 
autoclaves. 

Cutters . — Only such industrial machines will be mentioned as are of 
great capacity, and consequently turning between 350 and 450 revolu- 
tions a minute, slow-speed cutters (100 turns a minute) with a long pas- 
sage and mechanical pusher being now almost completely abandoned, 
as absorbing much of the motive power, in consequence of the pressure 


liipJiU 
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of the log against the sides of the boss {tourtcau), thus playing the part 
of a real brake, without any compensation in the output. It may be 
added that for the same power absorbed a cutter with an angular boss 
of great speed, such as that shown in Fig. 79, bas an output twice as 
great as that of the cutter with mechanical pusher. The high-speed 
cutter of great capacity is moreover very simple (see Figs. 79 and 79a). 
Its organs are reduced to ; (1) One angular boss of cast-iron 700 to 
800 mm. in diameter fitted with two apertures or bays for receiving 
the steel knives or blades, the number of which varies according to the 
capacity of the cutter, and which are fixed by means of pins or gudgeons 



Fiir. 7*.). — Cutter of great capacity. 

reinforced by screws ; that is the part of the construction tliat ought to 
be strong enough to stand any test. (2) One steel shaft traversing 
the centre of the said boss on which it is strongly fixed. (3) Three 
lubricating bearings with bronze cushions. (Tj One inclined east- iron 
passage for reception of the logs, and its spur or anvil which assumes 
the shape of the angle of the central boss {lourleau), which facilitates 
the cutting. (5) Two pplleys loose and fixed. ^ (6) One cast-iron 

flywheel, the whole protected by a hood of steel plate and mounted on 
three oak beams, tied and bolted, which rest on a concrete foundation, 
at the bottom of which is a pit for receiving the chips and into which 
dips the cup elevator previously described. A cutter putting through 


^ Unless Burton’s gearing be used. 
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2,2.50 kilogrammes (say 2| tons) per hour of logs 25 cm. (say 10 inches) 
square absorbs 20 to 25 h.-p. In normal working the log once placed in 
the sufficiently inclined shute ought to be drawn mechanically by the 
blades of the boss. The workman in charge of the cutter ought to 
have nothing else to do but to feed in the log as soon as the former 
one ^ is '^swallowed”. Chopping machines and bark crushers need 
only be mentioned in passing, the systems being numerous and 
described in several works on tanning ^ and the illustrated cata- 
logues of French and German constructors of tannery machinery, 
such as Berendorf, Allard, Moenus, Ste. de Durlach, etc. 

Insti'uclions Regarding Cutters and Elevators. Starting . — Before start- 
ing a cutter see that there is oil in the three bearings. Begin by 



Fi(i. 71)a. — Cutter of great capacity. 


starting the elevator. This operation requires a man to put the belt on 
the elevator and another at the cup chain ; the latter ought to pull on 
the chain, especially if there is wood in the bottom pit, which is liable 
to block the cups and burn the belt. The cutter is then started, by 
slowly pushing the belt of the loose pulley on to the fixed pulley. - 
The belt must be brought into gear gradually. Before placing the 
logs of wood in the cutter, it is necessary to see that the boss has 
attained the right speed, and that the elevator has completely emptied 
the pit of chips. When such is the case, the cutter may be fed with 
logs. As far as possible, large logs should be alternated with small 
ones. If, owing to the large size of a log, the speed of the cutter 

^ La Tan7terie, L. Meunier and C. Vaney, 1903. 

2 It is better to use friction gearing. 
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slackens, it is necessaiy to wait until it has regained its speed before 
running in the next log. During working, if the elevator stops it is 
necessary to cease forthwith feeding it with logs, and not to restart 
that elevator until after the cause of its stoppage has been ascertained. 
If need be, inform the foreman. 

Stoppifig . — To stop, first cease feeding with wood, take the belt out 
of gear, leaving the elevator at work until it has emptied the pit of 
chips. In the interval clean up around the cutter, and remove the 
chips projected therefrom or which have fallen from the elevators. 
Then bring the elevators into gear. No chips must be thrown into 
the pit when the elevator is not at work. 

Lubrication and Healing . — Oil must be run into the lubricators of the 
bearings at least everj" two hours, and it must be ascertained frequently 
during working that the bearings have no tendency to abnormal heat- 
ing. If one of the three bearings, particularly the central one, becomes 
somewhat hot with a tendency to increase, it is necessary to lubricate 
freely at first ; stop the cutter a moment to allow the bearings to cool, 
and restart. 

If the heating still continues it is a sign of obstruction. The cutter 
must then be stopped, the shaft disengaged from the heated bearings, 
and the cushions of the bearings scraped with the scraper on the parts 
which are scratched. Likewise polish the part of the shaft which rests 
in the bearing, to remove any trace of obstruction. Carefully clean the 
lubricators and put back the shaft in its place. Run the cutter empty 
for, say, half an hour, and do not insert any wood until it is seen that no 
fresh heating occurs. At each stoppage of the shafting of the cutters 
it is necessary to give a screwing-up turn to the lubricators of the loose 
pulley, and fill these lubricators with special lubricant every day. 

Sharpening the Kiiices , — The knives should be sharpened very uni- 
formly, so that the cutting edge is perfectly straight and set square on 
the side. 

Inserting and Adjusting the Knives . — The knives ought all to be in- 
serted in the same way and they all ought to project 4 to .5 mm. from 
the central boss {tonrteau). It is necessary to use the special gauge 
prepared for the purpose and to follow it very exactly. Take care to 
screw up very tightly the bolts which fix the knives. 

Regulating the Spur of the Chute . — The spur ought to be securely 
bolted to the chute, and the position of the latter may be varied by 
screw bolts fitted to the cross beam of the building. This position must 
be so adjusted that the play between the spur and the central boss 
itourteau) is 7 to H mm. quite uniformly throughout all its length. 
When the feather edge of the spur is rounded by the friction of the 
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wood, it must be redressed to bring the feather edge to a sharp angle. 
Such work is done with a graving tool. When, by repeated dressing, 
the spur is shortened to such an extent so as to leave only 7 mm. 
(0'275 in.) of play between the central hoss {tourteau) and the spur, 
the latter must be changed. 

Extraction. Diffusion Plant. Wooden Vats . — The tannin industry, 
which in the beginning used wooden vats as extractors, could profitably 
use them still for the three reasons previously given : A good yield, 
easy clarification and cheap decolorisation, high strength in tannin. As 
to durability, pitch-pine vats with staves 78 mm. (say 3 inches) thick 
will last as long as copper autoclaves. The authors have handled vats 
of this kind which, after fifteen years’ use, taken down and displaced 
three times, continued to be used for the safe extraction of sumac and 
mimosa without their tightness being afterwards compromised. Did 
not the Gondolo Factory, a firm of reputation, start with wooden vats ? 
a certain arrangement of which vats was the subject of their patent 
{brevet) of 2nd June, 1880. Besides, this important factory, which 
treated as much as 300 tons in twenty- four hours, possessed numerous 
batteries of wooden vats to do the work of which the catalogue ot 
plant and equipment of 190^ again makes mention. At the present 
day, five Frenqh factories and some foreign ones still use, with success, 
this rational form of extractors. The authors recommend this system, 
so much the more because, installed according to their instructions, it 
presents all the advantages of a battery of copper autoclaves. The 
factories which make extracts other than chestnut have every advan- 
tage in the exclusive use of wooden vats (except their intrinsic value) 
without any of their disadvantages, and for the following reasons. (1) 
With a battery of wooden vats no more steam, if not less, is used than 
with a battery of autoclaves. (2) The battery of wooden vats has the 
advantage over copper vessels of being absolutely safe. (3) The installa- 
tion of a battery of wooden vats costs less as initial expenditure and 
requires less repairs than a battery of autoclaves, because the pressure 
of the liquor demands special and costly piping which soon leaks. (T) 
The management of a battery of wooden vats, although more oneious 
than a battery of autoclaves, is more simple and more systematical. 
(5) The yield per cent, on the wood treated in extract of 25", obtained 
by the use of wooden vats, is equal if not superior to that furnished by 
a battery of autoclaves. (6) In open vats heated to lOO" C. the juice 
or liquor obtained is less coloured and contains less insolubles (consisting 
of particles of wood mechanically entrained, pectic and resinoid bodies), 
consequently more quickly clarified and more readily decolorised after- 
wards than in the cise of juice or liquors extracted undei the obligatoiy 
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pressure of the autoclaves. (7) Finally, and it is the most important point, 
after having demonstrated the superiority of extraction in open wooden 
vats, this system yields extracts with a high percentage of tannin, which 
always exceeds by 2 per cent, that of extracts obtained by extracting 
the wood in autoclaves, the temperature, a function of the pressure, 
which in such plant reaches 1-5 kilogrammes (ecpial to 127“ C.), destroys 
by that fact alone a notable quantity of tannin. In this connection it 
will suthce to place, in parallel, the table summarising the experiments 
of Professor Eitner, an authority on the subject, whose results fully con- 


Table XVIII. — Eitnek's Experiments on the Extraction of TANNiX(i 
Substances at Different Pressures 





A.- 




B. 



c. 




Extract per cent. 



Tannin. 



Non-Tannin. 





Pressure.! 



Pressure.* 



Pressure.^ 




1. 


4. 

6. 


-• 1 

4 . 

(!. 

1 

2. 

4. 

6. 

Barks : 1. 

Pine 

29-00 

32-70 

31-54 

30-72 

10-24 

12-92 

8-58 

0,-49 

12-82 

19-82 

22-90 

24-23 

Q 

Oak 

22-14 

23-79 

23-88 

24-04 

11-07 

7-99 

5-02 

3-22 

13-07 

15-80 

13-20 

20-82 

» 3. 

Cajota . : 

40-o4 

41-41 

33-14 

20-38 

21-45 

21-45 

11-41 

2-27 

18-79 

20-00 

21-78 

24-11 

„ 4. 

Mimosa . 

42-10 

45-00 

43-52 

41-33 

31-01 

30-75 

29-98 

20-i)0 

10-49 

13-54 

14-25 

14-73 

‘ „ 5. 

Hemlock ' 

13-70 

14-07 

13-73 

12-70 

9-30 

8-34 

4-50 

2 -IB 

4-40' 

5-73 

8-20 

11-60 

: .. 6. 

Willow .! 

9-10 

14-95 

17-49 

19-39 

4-80 

3-10 

1-59 

1-59 

(>■(} 

10-15 

15-90 

17-80 

Mvrobolams . 

41-73 

44-19 

45-88 

44-12 

25-02 

23-02 

14-52 

12-49 

lOrPi 

21-17 

31-40 

31-63 

Alga rob ill a 

s 

08-02 

03-00 

49-25 

48-85 

30-44 

24-04 

8-37 

8-47 

32-18 

39-04 

40-88 

40-38 

Divi-divi . 


09-40 

04-72 

55-90 

40-50 

45-12 

33-14 

18-08 

14-93 

24-28 

31-58 

37-26 

31-63 

Valonias . 


40-23 

50-70 

47-79 

41-45 

29-97 

27-28 

24-78 

18-92 

19-20 

23-42 

23-41 

22-53 

Galls 


45-24 

43-87 

41-43 

.39-90 

29-32 

27-08 

: 23-78 

17-73 

15-92 

10-78 

1705 

18-25 

Sumac . 


43-38 

52-33 

51-10 

47-4S 

22 -s5 

22-70 

' 11-27 

8-87 ■ 

20-53 

29-(;3 

39-83 

39-61 

Oakwood 


9-70 

10-90 

23-00 

-24 -si 

0-44 

0-50 

; 5-52 

2-57 

3-32 

4-40 

18-08 

22-34 

Quebracho 


23-91 

24-38 

25-39 

2r)-23 

21-05 

21-50 

118-42 

13-00 

2-80) 

2-88 

0-90 

12-63 

Tannin . 


100-12 

100-59 

100-10 

92-79 

94-70 

85-55 

; 0,3-49 

39-14 

5-4() 

15-04 

30-07 

53-05 


firm our assertions. The substances experimented on were placed in an 
autoclave and submitted for two hours to temperatures of 120“ C. 
(24-8“ F.J = 1 atmosphere ; 13.3“ C. (27 T I F.j -= 2 atmospheres ; LoEC. 
(303 8“ F.) = 4- atmospheres ; I 6 F C. (327’2“ F.) = 6 atmospheres. The 
results of these experiments are given in Table XVIII., which shows in 
A the amount of dry extract per 100 parts of tannin examined ; in B the 
proportion of tannin contained in this dry extract, and finally in C the 
proportion of non-tannin in the same residue. It follows from these ex- 
periments ( 1 ) that the strength of the extract, which increases from 0 to 2 
atmospheres with aliout tw'o exceptions, decreases afterwards in the 
greater number of cases or maintains its strength between 2 and 4, to 


* III atmospheres. 
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fall very greatly between 4 and 6 atmospheres. (2) In all cases the 
tannin per cent, of substance treated lowers rapidly in passing from a 
pressure of 1 to 6 kilogrammes. (3) Between 1 and 2 kilogrammes, and 
consequently between 1 20° and 133° C. (248° to 27 14° F. ), the decrease 
in tannin is generally (juite small, especially with cajota and mimosa 
bark,, oak and quebracho woods, but with algarobilla, divi-divi and 
myrobolam the loss in tannin is considerable. (4) The non-tannins of 
Column C always increase with the pressure, owing, on the one hand, 
to the transformation of tannin into non-tannin, and, on the other 
hand, to the solution of these bodies owing to their hydration. 

Entrusted lately with starting a chestnut extract factory in Le Gard, 
in bringing the daily production from 2,500 kilogrammes (2^ metric 
tons) to 6,500 kilogrammes (6^^ metric tons) of extract of 25°, the 
authors determined the difference in tannic strength of two extracts 
which were then manufactured. The one, from a battery of six open 
wooden vats, showed an average of 30 to 31 per cent, of tannin, deter- 
mined during a course of manufacture of more than a month, and an 
average daily production of 2,500 kilogrammes (2^ metric tons) at 25° ; 
whilst the battery of autoclaves, in which the pressure oscillated between 
0*5 and 1 kilogramme, the daily production of which reached 4,000 kilo- 
grammes (4 metric tons) of 25° extract, never exceeded an average 
of 28*5 per cent, of tannin. In fact, according to numerous analyses 
made on the two qualities of extracts, a minimum difference of 2 per 
cent, has always been to the credit of that made open to the air. 
These industrial experiments, based on the above data, enable the 
authors to maintain their preceding conclusions without fear ot being 
crazy. 

Br/t/en/ nf IVooden Vals.—T\^. 80 shows the authors’ arrangement 
for a battery of sixteen wooden vats of 12,000 litres (2,640 gallons) 
capacity and capable of containing 3 metric tons of wood, answering, 
therefore, all the requirements of rational extraction.^ In this system 
the heating surface required for the boilers will always be taken as 4 
square metres per ton of wood treated in a factory possessing a triple 
effect ; that is to say, that possessing such an installation, not 1 
kilogramme of coal will be burnt, but there will be an excess of chips 
sufficient to light the furnaces after any stoppage, say weekly, for ex- 
ample. This battery is furnished with its piping and connections, 
which enable it to work rationally with the facility of isolating each 
vat. The transference of the juice or liquors is effected either by the 
weight of these pumped into an elevated vat, i.e., by gravity, or by 

1 Especially suitable for tropical countries where plant is dear and tanning 
substances are extracted wliich gain by treatment in open air. 
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means of a bronze centrifugal pump^ connected to the vats by two 
collectors, one for discharging, common to the transfers, and the other 
for filling, common to the water feed. Each vat is also fitted with 
appliances for steam heating, with two bronze discharging cocks ; the 
top part is covered by a lid with a chimney for the evacuation of mud, 
and finally with a special water level. The lower part of each vat has 
a double bottom and an arrangement for constant circulation, so as to 
accelerate maceration by the rapid washing of the slices from top to 
bottom. 

Open Copper Pans . — The authors only prefer pitch pine for econo- 
mical reasons, otherwise copper vessels may be substituted, but as 
there is no industrial advantage, the subject need not be dwelt upon 
further. 



Copper Aidoelares or Kxtraetors. — Practically, an extract factory can 
work with an extraction battery, consisting of four, five or six auto- 
claves, the useful capacity of which is generally from 10,000 to 11,000 
litres (^^,420 gallons), that is to say capable of holding to 4 metric 
tons of wood chips, and yielding .5, .000 to 6,000 litres (1,210 to 1,.320 
gallons) of liquor. It may be stated once for all that a tannin concern, 
to be of any importance at the present day, must treat at least 60 tons 
of wood per day. 

Arrangement of the Battenj. — Fig. 81 shows a battery of five auto- 
claves with their feed water, steam and juice pipes, as well as their 


^ Limb’s dynamo pump. 
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taps; they are all adapted for the maceration of chestnut, and in 
the case of a battery of six autoclaves the sixth isolated is used for the 
direct extraction of quebracho or other mixed extract, which will be 
readverted to in Chapter VII. (Quebracho Extract). These autoclaves of 
the capacity above mentioned have the following dimensions : total 
height 4-6 metres, height of the cylindrical part .Sj metres, exterior 
diameter T85 metres. The thickness of the copper plate of which 
they are made is generally from 8 to 9 mm. Per day of twenty-four 
hours fifteen to sixteen autoclaves are emptied ; as it is necessary to 
deduct from the time required for boiling {cuite) that occupied in 



Fi(i. 81, — Battery of five copper autoclaves for extracting tanning substances from 
cliestnut wood, etc. 


cleaning and in charging an autoclave, there remains fifteen to twenty 
minutes as the actual time of decoction of the charge of chips in an auto- 
clave. This work is intensive, and the authors in no way recommend 
it, because the rapidity of the passages is such that it involves a pres- 
sure which reaches 2 kilogrammes in almost all the factories which use 
it, and because it then fatally induces the drawbacks already mentioned. 
Thus, a factory treating 60 tons of bark in this way will give a yield 
in liquor of 3*8°, barely exceeding 1,350 litres (297 gallons) per ton of 
wood treated, corresponding with the loss, inherent to this method of 
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manufacture, to a maximum yield of 19 kilogrammes of *25° extract 
per 100 kilogrammes of dry wood (40 to 45 per cent, water). 

Routine to Follow in Managing the Autoclaves in Intensive Working, with 
Five Waters giving Xine Washings . — The five autoclaves being supposed 
to be numbered 1 to 5 in such a way that the communicating pipes are 
arranged from 1 into 2, 2 into .3, etc., 5 into 1, each autoclave is suc- 
cessively emptied in the order of these numbers. If the serfes of 
operations be taken up at the moment when one of the autoclaves is 
being discharged. No. 2 for example, the following is the condition in 
which the extractors should be found : No. 1 full of wood and liquor 
from 5. No. 2 empty of both wood and liquor. No. 3 full of wood and 
liquor from 2. No. 4 full of wood and liquor from 3. No. 5 full of 
wood and liquor from 4. In the battery all the taps without excep- 
tion are closed, except, perhaps, that of the steam tap of No. 3, if the 
water be not sufficiently hot, and it the pressure has not yet reached 
1*5 kilogrammes. The following is the order in which the operations 
to the number of 12 succeed one another : ( 1 ) Fill 2. (2), (3), (4), (5) Pass 
1 on 2 ; 5 on 1 ; 4 on 5 ; 3 on 4. (6) Fresh water on 3. (7) Discharge by 

the collector of 2 as soon as the feeding of 3 is finished. (8), (9), (10), 
(11) Pass 1 on 2; 5 on 1 ; 4 on 5 ; 3 on 4. (12) Empty 3 ; fill 3. 

These twelve operations are performed thus : — 

(1) Filling Extractor Xo. 2. — Close the lower manliole. Feed in 
the wood by the top manhole. During this time apply a little 
steam to pack the chips, turn off the steam when it escapes with force 
from the top manhole. Finish filling the extractor and close the top 
manhole. 

(2) Running the Liquor from Xo. 1 on to Xo. 2. — In extractor No. 1 
the pressure should be 1 to 1 4 kilogrammes. Open the steam escape 
tap of No. 2 to allow the air to escape. Open communication between 
No. 1 and 2. The liquor flows from No. 1 into No. 2, its level rises in 
the pipe and reaches its normal height, which shows that the transfer 
is finished. It is necessary to complete the amount of liquor by borrow- 
ing from 5 to balance the suction produced by the new wood. Close 
the communication tap. ( lose the escape. Apply heat by turning 
on steam, the pressure rises, and when it reaches 1^ kilogrammes 
= 127° C. (260-6 F.), turn off’ steam. 

(3) Passing Liquor from 5 on 1. — This is done whilst No. 2 is being 
heated. It is carried out in the same way as No. 1 on No. 2. 

(4) and (5) Passing Liquor from 4 on 5 and of S on 4. — As above. 

(6) Feed in Xo. 3 frith Fresh Water. — Communication tap closed. 

Steam tap closed. Escape valve open. Water tap open. Fill with 
water to 10 cm. below the top of the water-level and close the water 
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supply tap. Apply heat by turning on steam and raise the pressure 
Ur kilogrammes = 127° C. (260*6" F.). Turn off steam at the 
moment that pressure is reached. 

(7) Discharge by the Collector of Extractor No. 2. — This operation is 
done as soon as the feeding with water of No. 3 is finished. In this 
extractor the pressure ought to be 1 to 1*5 kilogrammes. Open the 
comnuinication tap on the collector. The juice is propelled into the 
liquor vat. Close the communication tap. 

(8) , (9), (10;, (11) Passage of No. 1 on No. 2, No. 5 on No. 1, etc . — 
These passages are effected as above. 

(12) Ernptying of Extractor No. 3. — Its liquor has just been passed 
into No. 4. The communication tap is closed as in all the others. 
The pressure is still 0*5 kilogramme. Purge the lid of the discharged 
manhole by the tap. Completely open the steam escape. The pres- 
sure falls, and when it is at 0 open the top manhole, then open the 
discharge manhole. Strip and discharge the wood. Open the upper 
tap even before the pressure reaches 0 ; the steam remaining in the 
extractor facilitates the opening. All the operations of charging and 
discharging should not take more than twenty-five minutes with ex- 
perienced men (with extractors of 10 cubic metres capacity). The start- 
ing-point being again reached it is the turn of No. 4 to be discharged, 
and the extraci^rs are in the following condition : No. 1 full of liquor 
from No. 5. No. 2 full of liquor from No. 1. No. 3 empty of wood 
and liquor about to be charged. No. 4 full of wood and liquor from 
No. 3. The liquor is about to be passed again and it will be filled 
with fresh water before being discharged. No. 5 full of liquor from 
No. 4. Operations recommence in same order changing by one unit 
the order of the vats, the fresh water always being run on to the vat 
next to be discharged. The liquor which has just been passed over 
fresh wood is sent to the collector, to the liquor reservoirs. This 
is the liquor which titrates 3° to 5° Beaume. To pass the liquor the 
condensation tap is opened and also the escape of the extractor which 
receives it, the communication and the escape are closed. Steam is 
turned on and turned off when the pressure reaches 1*3 kilogrammes, 
not to be again opened until the next passage. The liquor is thus 
heated each time it changes extractors. 

Intensive Working with Seven Liquors. — In this case it will suffice if the 
battery be fitted with two collectors: the water, common to the juice, 
and the steam, so that the normal routine of working be that indicated 
by the following table : — 
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Table XIX. — Schedule Showing Routine Working of each Cell in Diffusion 
Battery during Progress of Tannic Acid Extraction 


Routine of Workin|i. 

Duration. 

No. of 
Autoclave. 

Title of 
the Liquor. 


Water on No. 7 




: Vol. 

Passed . . . • . 




! 7 - 

Under pressure 


4 


: Title 

To pass on No. G 





1 Passed .... 



Vol. 

No. G under pressure 



6 . 

To pass on No. 5 

o 


1 Titre 

Passed .... 


... 

; Vol. 

No. o under pressure 



5 ^ 

To pass on No. 4 

1 


Titre 

1 Passed .... 



Vol. 

No. 4 under pressure 




To pass on No. 4 

2 


; Titre 

1 Passed .... 



. Vol. 

l' No, 4 under pressure 



* 

To pass on 8 . 

8 


Titre ' 

1 Passed .... 



Vol. 

1 No. 3 under pressure 

1 ^ 

2 • 

To pass on No, 1 

4 

Titre | 

[ Passed .... 



Vol. j No. 1 under pressure 



1 -[ To be elevated 

5 


Titre ( Elevated .... 




By adopting the method of working given in the preceding table, it 
will be seen that the relation existing at the moment of the charge of 
the new wood is 2, 4, 6 figures, representing the second, fourth and sixth 
boiling, waiting until the first boiling be on new wood. At that 
moment the relation is 1, 3, 5, 7 figures, representing first, third, fifth 
and seventh boiling, the last which precedes the discharge of the chips 
from the autoclave, which have been exhausted seven times. Working 
thus, any number of boilings may be made, but the defect of superheat- 
ing always occurs at the moment of the passages (transfers), and the 
pressure registered by the manometre reaches kilogrammes = 
260 6 F. With this method of working, and if a reasonable 
number of autoclaves be stripped in twenty-four hours, whilst ex- 
hausting to one-tenth, the tannin contained in the wood, 22 to 23 
per cent, yield, is easily obtained with dry wood (40 to 45 per 
cent, water), corresponding to 1,650 litres (363 gallons) of liquor of 
3 ’8^ per ton of wood treated. 
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Table XX. — Showing Exhaustion of Chestnut Chips by Consecutive Washings 


Liquor. 

A. 

Tannin per cent, in different 
Liquors passing siu*cessively through 
Chestnut Wood Chips. 

B.i 

Of 100 parts of Tannin dissolved 
the different boilings remove 
the following. 

1 

3-8 

43-37 

2* 

205 

23-44 

3 ; 

' 1-23 

1 14-04 

4 

0*83 

9-47 

5 ' 

0-42 

; 4-79 

6 

0-35 

3-99 

7 

0-08 

0-90 


Hence seven washings suffice. Supplementary washing continued on 
the seventh liquor, eighth liquor 0*003 per cent., ninth liquor 0 02, 
which shows that working with eight waters, and a fortiori nine, is 
useless in commercial extraction. 

The exhausted chestnut chips, as they come from the autoclaves, 
contain 65 to 66 per cent, of moisture, that is to say that the chestnut 
wood treated with 50 per cent, of moisture absorbs, by maceration, 15 
to l6 per cent, of water ; that is the percentage that they are burned 
with in the gazogene (gas generator) furnace, to the total exclusion 
of any other fuel, for the production of the whole of the steam for an 
extract factory. Certain factories have tried to dry by means of a 
cylindrical mechanical drier, the principle of which is that of the 
automatic stage furnace for pyrites, utilising the heat lost by the 
furnaces, which removes from the woo'd about 40 per cent, of water ; 
this system being adopted, the perpetual motive power absorbed 
(12 h.-p.) and the initial expense, rather costly, 20,000 francs (£800), 
do not give sufficient advantages in the calories recuperated by the 
removal of the 40 per cent, of water contained in the exhausted 
chips, seeing that simple gazogene (gas generator) furnaces are in 
existence, requiring no motive power nor great maintenance expenses, 
utilising this bad fuel in its ordinary wet condition, and yielding 1 to 4 
kilogrammes of steam per kilogramme of chips burnt. On the other 
hand, industrial tests made for the utilisation of such wood waste for 
the manufacture of acetic acid and methyl alcohol have not given and 
cannot give any good results, because these chips must perforce be 
dried and yield a lower result than ordinary wood when distilled into 
acetic acid and methyl alcohol. Those who erected plant after the 

^ Industrial experimsnts made on mixtures of equal parts of barked Dauphine, 
Vivarais and Lyonnais wood and on important lots of Gard wood. [It is doubtful 
whether the results in A were made on chestnut wood from the same sources as D, 
or from any specified source.- -Tr.] 


13 
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patents of Treber, Trocknung or Fischer know in what estimation they 
hold the industrial value of the said processes to-day ; the authors have, 
likewise, made numerous industrial experiments on the utilisation of 
this wood waste for the manufacture of paper, without any of them 
yielding an appreciable result. 






Fig. 82 ,— Autoclave with stamped ’ Fig. 83 .— Autoclave with truncated 
bottom. bottom and Bonnet Spazin’s arranged. 

Different Systems of Autoclaves, — Figs. 82 and 83 show the different 
forms of autoclaves in use in tannin factories ; that of Fig. 83 is the 
most 'generally employed, because it presents with its truncated base 
and its circular-fringed collarette in bronze, with manhole of 800 mm. 
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diameter, useful advantages, which the authors themselves have con- 
firmed in a factory of which they were the advisers. These various ap- 
paratus are evidently constructed all in bronze and copper as regards 
the parts in contact with the juice, the armatures, the hinges and the 
support for closing the manholes being of steel or wrought iron. 

Condensing Reheating Reservoir, J. Noijers System . — As to the suc- 
cessive escapes of steam from the autoclaves at the moment of trans- 



ference, it is advisable to condense this steam, so as to return to the 
maceration the whole amount of condensed water. For the old 
system (Fig. 84 <), which consisted in pissing this escape steam through 
a coil, immersed in the tank, which fed the autoclaves, the authors 
have installed their system shown in Fig. So. It has been designed 
thus, because industrially and in this special case condensation by a 
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worm is materially imperfect, seeing that that steam at 1*5 kilo- 
grammes is forced to condense itself rapidly through a coil continually 
immersed in hot Avater, the spirals of which are always more or less 
encrusted, and, therefore, where an enormous surface of coil is re- 
quired, which in the case of a 60 ton factory would have more than 
^1 square metres (some constructors count 0*35 square metre per ton 
of wood treated, which is quite insufficient), and still not enough, be- 



Fig. 85. — Eeservoir-condenser-reheater (Xoyer). 

cause 10 per cent, of the steam escapes through the roof in sheer loss 
(without taking into account the damage produced by such projection, 
which is always tannic). Moreover, the surface, owing to the amount 
of steam to be condensed, requires such a quantity of cold water that 
it cannot all be utilised. On the other hand, the escape of this steam 
through a coil occurs by leaps and bounds, and wears it through rather 
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rapidly ; it also requires frequent cleaning if it be desired to retain its 
maximum condensing surface ; thus it is that for many reasons the 
authors have established and applied in three French factories their 
system of condensing-reheating-reservoir, the use of which has given 
full satishiction. The plant (shown in Fig. 85) consists of a tubular 
reheater, the surface of which is based on the size of the extract 
factory, but which should not, in any case, exceed J 0 square metres. 
It is, moreover, fitted with branch pipes, which connect it, on the 
one hand, with the escape collector of the autoclaves, on the other 
hand, with the condenser-reservoir properly so called, consisting 
of a copper beck with calandria, on which an emulsifier of the 
author’s construction is fixed, the whole about 1,000 litres (220 gallons) 
capacity. This plant, so fitted up, is placed at the upper level of the 
feed tank, into whicli the condensed water runs. To show the ad- 
vantage it realises, it may be stated that in addition to the water, 
which it heats from 95^ to 9^° C. (203^ to 208 4' F.) (without taking 
into account that utilisable (122° to 131° F.), which not having been in 
contact with the tannic steam may be used to feed the boilers), it 
condenses almost entirely the whole of the escape steam from a 
battery of autoclaves of 60 tons capacity, the condensed water from 
which amounts to 12,000 to 14,000 litres (2,640 to 3,080 gallons), 
which again re^- enter into the maceration work with a complement of 
ordinary water which exactly serves for the proper condensation, by 
emulsion, of the escape vapours, without fear of coimterpressure or 
of the return of water to the autoclaves. All the pipes and manholes 
can be dismantled easily and readily for inspection or cleaning, without 
any stoppage of the fiictory, so as to keep the condensation capacity 
of the plant constant. 

Liquor Tank . — Whether a battery of w'ooden vats or autoclaves be 
used, the chestnut juice or liquors are propelled from these vessels, 
through a special collector, to a copper tank called the liquor tank,” 
the useful capacity of whicli fully represents the volume of a vat or an 
autoclave, and the bottom of which is placed about the upper level of 
the batteries so that the juice or liquor flows to the refrigerators by 
gravity. 

Cooling of the Juices or Liquors . — An important point in the manu- 
facture of extracts is the cooling of the juice or liquors (the tempera- 
ture of the cooled juice should never exceed 18" C. = 64*4° F.). Some 
factories do not use enough water because it is often badly utilised. On 
the other hand, its temperature often exceeds 18° C. (64'4" F.), the stan- 
dard adopted by the authors, which is a satisfactory one, as the liquors 
can always be cooled to about this temperature ; it enables the con- 
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densed water to be utilised for the condensation of the steam from the 
evaporating plant. As the amount of cold water fit for condensing 
the steam from the evaporation plant is always appreciably one and a 
half times greater than that required for the total refrigeration of the 
juice, it follows that the temperature of these juices approaches that of 
the initial water, because they traverse the refrigerators before being 
used for such condensation. The important point is to keep in a 
thoroughly clean condition the tubular bundles forming the refrigera- 
tion system, the best position for which is the vertical ; the upper rim 
ought to be about oOO mm. above the highest level of the extraction 
vats so that all pumping is suppressed, every facility, however, no 
matter -at what moment, being safeguarded for cleaning any of the 
organs composing the refrigerating system shown in Fig. 86. 

Tubular Refrigerators . — As this treatise must be kept within a 
practical scope, explaining the latest and most improved systems in 
use, it is unnecessary to describe obsolete refrigerators, with vertical or 
horizontal coils, often immersed in a tank, in which the condensing 
water circulated, or in a channel serving the factory, because such a 
vertical or horizontal condition is always incompatible with frequent 
cleaning or control, consequently the practical impossibility of obtain- 
ing good results, seeing that the deposits of mud and encrustations 
formed inside and outside of the tubes forming the serpentine (which 
nothing can clean when at work, any more than the steam which is 
passed through on stopping) lower its capacity by .50 per cent. ; hence 
non-utilisation of the condensing surface. 

Only the refrigerating plant which appears up to now to have given 
the best results (see Fig. 86) as mu?h from the point of view of re- 
frigerating capacity, under the smallest volume, as that of easy cleans- 
ing of the tubular bundles of which it is composed will be described. 
As the drawing shows, these refrigerators are vertical and consist of 
five elements with tubular bundles, the interior condensing surface of 
which is calculated according to the quantity of juice to be cooled 
from 1 00 C. to n degrees (// being the temperature of the cold water used 
by the factor)^). For normal refrigeration, i.e.j under the above-men- 
tioned conditions, and to cool the liquors from 100^ C. (212° F.) to 18° or 
20" C. (64<-T or 68 F.), supposing cold water at that temperature can be 
had, and according to the authors’ experience, 1*2 to 1*.5 square metres 
of condensing surface is required per ton of liquor at 100° C. (212° F.). 
The following are the differences in temperature observed on a liquor 
passing through five elements after issuing from the liquor vat where 
its temperature is 100° C. : At the first condenser 92 ° C. (197*6° F.), at 
the second 40° C. (104° F.), at the third 27° C. (80*6° F.), at the fourth 
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19 C. (66*2 F.), at the fifth lo" C. (59^ F.). The water which was 
used for this refrigeration was at 15'’ C. and was naturally utilised for 
the condensation of the steam of a triple effect of 150 square metres. 

Filtration of Juice Decantation. — The cooled juices, as they come 
from the refrigerators and according to the quality of chestnut extract to 
be manufactured, are filtered directly through filter presses, shown in 
Fig. SZ, or by decantation through wooden or copper vats, the 



capacity of which reaches 200 to 500 hectolitres (4, TOO to 100,000 
gallons). The filter presses which suit best in this special case are 
those with chambers with interposed wooden frames 800 mm. square 
(say 31^ inches), thirteen chambers and twelve interposed frames. A 
cotton cloth, of a special texture, separates the chamber from the 
frame, and represents about 73 square decimetres of filtering surface, 
say 10 square metres, for a filter of this nature. On an industrial 
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scale^ and in observing the working manipulations incidental to the 
management of such plant and the washing of their cloths, their 
output is 110 litres (22 gallons) of clear filtrate per hour and per square 
metre of filtering surface, starting with crude juice, cooled to about 
l6° C. (b0‘8° F.), even taking into account the stoppages and start- 
ings after the cleanings, wliich are required (according to the quality? of 
the wood treated) every four or five hours. By this process pasty 
cakes are formed, which fill the interposed space ; they consist of wood 



Fig. 87.— Filter press with interposed frames for the mechanical filtration of tannic 

liquors. 

dust, mechanically entrained, and of pectosic and resinoid bodies. The 
juice or liquors thus treated are freed from a large amount of insoluble 
matter, which enables chestnut extracts of 2.0° or 30°, almost soluble 
in cold water, to be obtained, which are perfectly satisfactory to the 
tanner. The cakes, whether pasty or consistent, containing 6 to 7 
per cent, of tannin, are again treated in a vat ad hoc by hot water 
(open steam coil) ; they again yield liquors of 4° to 5° B., which, 
concentrated to 20°, yield gallic acid for dyeing. The juice or liquors 
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leave 1 to 1 J per cent, of cake, whicli, treated as above, yield 20 per 
-cent, of their weight of gallic acid at 20', leaving at the bottom of 
the vat in which it is treated a blackish, semi-hard, resinous mass, 
which represents 20 per cent, of tlie cakes. 

Mechanical Clarification . — Although clarified liquors yielding extracts 
soluble in the cold are obtainable by filtration, it is, none the less, 
u facj: that this method of clarification is rather costly, owing to the 
motor power required for the pressure pumps and the working ex- 
penses (four men for two filter presses, clarifying 50,000 litres (1 1,000 
gallons) of liquor), and especially the wear and tear of the cloths ; the 
authors have tried to replace such plant by a decanting centrifugal, 
the principle of clarification of which is based on centrifugal force. 
This system was already exhibited and tested by La Societe Civile des 
Etudes sur la Fabrication Perfectionee des Extraits Tanniques (Brevets, 
No. 16L 9 o 8 and l65, ITO, 188T) without giving practical results, the style 
of working the authors believe being but little adapted to the nature 
of the liquid to be clarified ; moreover, the apparatus used was not 
continuous, hence the output was insufficient. The authors having 
taken up these experiments from a different point of view, they 
adopted the arrangement shown diagrammatically in Fig. 88. The 
industrial output per hour of 1,000 litres (220 gallons) starting from 
cooled and d^ecolorised liquors (immediately after treatment) : 600 
litres (132 gallons) of clarified juice from decantation mud fully justi- 
fied their expectations. 

From the above results, the authors are assured that this interest- 
ing problem is practically solved, and for this purpose they used the 
decanting centrifugal of Robatel, Buffaud N: Co., the Lyons constructors 
who have built up a reputation for this sort of speciality, which the 
authors have been very pleased to utilise for the clarification of tannic 
liquors, by using their special arrangement, by which alone this object 
can be obtained. 

Decantation in Cats , — This method of clarification in vats, which is 
still in general use at the present time, consists simply in collecting the 
cooled liquors, Avhether decolorised by nitrate of lead, or by blootl, or by 
some other process, in large vessels containing 200 to 500 hectolitres 
(4, TOO to 11,000 gallons) capacity and alloAving them to settle therein, 
for some days, before concentration in the evaporation plant. Dur- 
ing the interval, which varies with the process adopted and the routine 
of each factory, the chestnut liquor frees itself by precipitation, or 
coagulation, of the colouring principles, pectosic and resinoid (without 
counting the tannin precipitated), which are deposited in the state 
of mud in the bottom of the vats, to such an extent as to amount to 
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one-fifth or one-sixth of the liquor decanted. Thus, by the nitrate of 
lead process, a vat containing 20,000 litres (4,400 gallons) of liquor of 
4^ B., after four or five days of decantation, will yield 4,000 litres (880 
gallons) of sludge. Although a battery of vats may be arranged so as 
to simplify the decantation process and the filtration of its muds, this 
style of working will always be decidedly inferior to the mechanical 
filtration of the juice just described. Finally, it may be added that 
practically on an average 4 to 5 cubic metres of vat must be calcu- 
lated on for every ton of wood treated so as to realise a normal de- 
cantation. Some extract factories send these muds back indefinitely 
to be wTought up in the maceration, etc., but this style of recovering 
the tannin contained therein cannot be too severely criticised. The 
disadvantages incidental thereto are far from being attenuated by the 
compensation which is supposed to be realised by this recovery : (1) 



Fio. 88. — Decanting cf.ntrifugal for clarifying tannic liquors. 

Because the extract corresponding thereto so produced escapes control. 
(2) Because these sludges (real residues) contain too many impurities 
to be returned to the maceration ; the liquors so obtained are rendered 
indefinitely impure. They thus require a larger amount of decolorising 
agent ; they are more difficult to clarify, and yield extracts of mediocre 
and irregular quality. (S) The piping through which the liquor circu- 
lates is rapidly encrusted and obstructed. The authors, therefore, to 
suppress these grave disadvantages, and to obtain the quintessence 
of the juice contained in the sludge, recommend mechanical filtration.^ 

1 The authors add that for public health reasons and to avoid river pollution or 
the inconvenience of neighbours, tannin factories should discontinue any discharge 
of residues or residual waters, more or less soiled with tannin unfit for vegetation, 
when they do not contain organic matter from the treatment of the liquors by blood 
or some chemical reagent. The authors assert that in a factory using their new 
processes these drawbacks do not occur. 
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Mechanical Filtration of the Sludge. — In two extract factories which 
already possessed a battery of decantation vats, and to avoid the in- 
jurious and indefinite reworking up of the muds, the authors had oc- 
casion to solve this problem by mechanical filtration, using the system 
of filter presses described under the filtration of the crude cooled liquors. 
By observing the same details, a good result is inevitably realised,, 
whicii Teaches 2.5 litres (5 A gallons) of clear filtrate per hour per square 
metre of filtering surface. In this case the yield obtained by the 
filter press is four times less than in the filtration of the crude cooled 
liquors ; that is explained if it be observed that the percentage in cakes 
from the mud is 10 per cent, whilst it is only 1 to Ij from the crude 
liquor. Nevertheless, although this yield appears small compared 
with that from the crude juice, it is more appreciable, if it be con- 
sidered that 100 kilogrammes of mud yield 90 kilogrammes of clear 
liquor and 10 kilogrammes of cake. That is, therefore, almost a 
maximum utilisation of these residues, which embarrassed and still 
embarrass certain factories. If the cakes, pasty or consistent, are not 
treated, as previously indicated, for the extraction of gallic acid, they 
are then dried in cast-iron vessels on feet on the boiler flues, so as to 
utilise the waste heat of the furnaces or gazogenes (gas generators) 
burning exhausted chips ; hence economical working. These pasty 
cakes contain about 80 per cent, of moisture ; in the dry stale they only 
contaiao per cent, and may be burnt in admixture with the spent 
chips. In a sample of cakes from filtration of the mud from juice 
decolorised by nitrate of lead, there were found on analysis 5 A per cent, 
of lead and 5 per cent, of moisture. An experiment for the complete 
drying of cakes already dried showed that they contained 70 per cent, 
of combustible or reducible matter. 

Data Summarising the Foregoing Facts as to the Filtration o f Liquors 
and the Treatment of the Cakes. — Weight of crude juice filtered per 
hour and per square metre of filter, 1 10 kilogrammes. Weight of crude 
mud filtered per hour and per square metre of filter, 2.5 kilogrammes. 
Cake in crude juice, 1-.5 percent. Mud in crude decolorised juice, 20 
per cent. Clear liquor in mud, 90 per cent. Cake in decantation mud,^ 
10 per cent. Moisture in pasty cakes, 80 percent. Dry cake in pasty 
cake, 20 per cent. 20° gallic acid in pasty cakes, 20 per cent. 

Mechanical Clarification of Sludge. — Finally, and according to the in- 
dications given above, the authors estimate that the mechanical clarifica- 
tion of sludges, by means of the decanting centrifugal, indicated by the 
diagrammatic representation in Fig. 88, is preferable to any other, and 
for the same reasons whicli apply in the case of the filtration of the juice. 
Moreover, the yield in clarified juice is bOO litres (I.S2 gallons) per 
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hour with less labour and less wear of the cloths, because the said ap- 
paratus works by centrifugal force, so that the formation of cakes takes 
place on the circumference of the copper basket, and because the clari- 
fied liquor is decanted by a continuous jet by the upper portion of the 
same basket. The following are the advantages which accrue by 
adopting it in a factory treating 60 tons of wood with a volume of 
liquor amounting to about 90,000 litres (19,800 gallons) in twenty- 
four hours : (1) Four appliances of 1*200 metres in diameter of this 
nature will replace a decantation battery of o,000 hectolitres (110,000 
gallons) . (2) The four decanting appliances only require 30 square metres 
of surface, whilst the decantation battery requires .‘>00 square metres. 
(3) The approximate cost of four decanting appliances amounts to 1 6,000 
francs (£6 10), whilst a decantation battery costs .3.5,000 francs (£1,4-00) 
without including the cost of construction of the building in which it 
is to be located. (4-) The liquors being clarified as soon as cooled or 
treated, may be concentrated immediately ; one is not, therefore, de- 
pendent on the decantation tanks, which necessitate a constant reserve 
and storage of the juice which is, especially in summer, essentially fer- 
mentable, an evident cause of loss in tannin. 

Decohri.sation. Differeni Processes . — The (French) patents relating 
to tannic acid taken out since 1879 form a long series; recourse has 
been made to numerous substances and chemical products. 

TaBLK XXI, — CHRONOLtHilCAL LiST OF liKA^iKNTS RaTF.XTKI) IX FllAXCE AS TaXNIC 
Li^ror. DKcoL(»nisKi‘.s 



Year. 

Tatent N<i. 

Decolorisin" Agent. 1 

i 

1 

1880 

130.040 

Sulphurous aci<l an<l lisulphites. j 

2 

1870-82 

180,025 1 
228,051 / 

blood or albumen. | 

i 

8 

1888 

155.842 

Oxalic acid and alumina. i 

4 

1883 

157,158 

Animal charcoal. i 

5 

1884 

101,488 

Haloid or oxygenated salt.s with mineral or organic 




acids. 

6 

1884 

155,020 
cert. aO d. 

Sulphurous acid gas un4er pressure. 

7 

1884 

; 108,180 

Air, minium hyposulphite. 

8. 

1884 

: 108,521 

barium chloride. 

9 

1880 

; 174,072 

Casein with prior treatment of wood by sulphuric or ; 




hydrochloric acid. 

10 

1880 

50,804 

l>ead nitrate. i 

11 

1800 

200,150 

Lactic a' id. i 

12 

1805-07 

242,041 / ! 
200,028 S 

Dregs of wheat, barley, maize or rice, oil cake. 


These processes will here be put to one side as quite incompatible 
with the manufacture of good extract, as the tannery can, and should, 
restrict itself to deliveries more or less in accord with its system of 
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tanning ; extracts decolorised in so many different ways are no guar- 
antee to the tanner using them, after frequently having had mishaps 
often due to them alone. In support of the foregoing, it will suffice 
to point out the loss in extract, and consequently in tannin, which re- 
sults from the decolorisation of liquors by the blood ” process (one of 
the mo^t rational) and which, in the same way as.in the clarifying of wine, 
entrains along with the tannin the pectic, resinoid and colouring prin- 
ciples of the liquor ; thus 4*0,000 kilogrammes of liquor treated with 
Bourgeois’ solution of blood (at 6*5° B. and 7‘o kilogrammes per 1,000 
kilogrammes of liquor at 4° B.), which ought practically to give 6,400 
kilogrammes, only yields 5,760 kilogrammes, say a loss of 10 per cent, 
in extract, or l6 per cent, on the weight of the liquor, which, after 
treatment, only titrates .>-65 say a fall of 0-4°. As to the nitrate ” 
process, it is still worse, because the formation of free nitric acid even- 
tually destroys again a notable amount of tannin, owing to secondary 
reactions (in presence of this acid) in the concentration of the liquor 
in the evaporation plant, aided by the heat of that operation, to say 
nothing of the wear and tear by corrosion of the vessels in question by 
the presence of nitric acid after a shorter or longer lapse of time. The 
authors tried to neutralise this reaction by the addition of pure pre- 
cipitated carbonate of lime, but the remedy was more aggravating than 
useful in the decoloration of the juices so treated. The contentions 
of the authors in regard to the decoloration of extracts are supported 
by the fact that numerous British and German tanners have used the 
crude extracts for a long time or extracts simply clarified (by one of 
the mechanical processes already described), which ensure uniformity 
in the deliveries which constitute their important markets, and es- 
pecially a higher percentage of tannin, and consequently a higher yield 
in leather. The decolorisation of the future does not lie in the use 
of chemical products, nor in more or less complicated processes ; 
tanning is an industiy already far too complex to stand to it ; it 
requires, and will require, before and above all pure extracts, of a 
well-determined nature, with a high percentage of tannin, soluble in 
cold water, and finally of as constant and uniform a composition as 
possible. However, Peyrusson’s curious process of decolorisation,. 
Brevet No. 318,523 (8th Feb., with certificate of addition No. 

318,523,467, in which the patentee specifies that the process described 
in his principal patent rests especially on the action of the presence of 
tin, applied during the preparation of the tannic and tinctorial liquors 
and extracts, with the object of preventing the grey coloration of the 
latter. Thus in treating chestnut extract in a digester of any sort,^ 
in presence of tinfoil, it will be found that the wood remains white. 
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Avhilst the same wood treated in the sanle way, but without tin, as- 
sumes a grey or even a brown tint. Finally, there may be quoted as a 
recent patent that of George Klenk, for a process of decolorising 
tannic liquors by aluminium sulphate and sodium bisulphite, as fol- 
lows ; Add to the hot Jiquors from the extractors, in a vat fitted 
with an agitator, a solution of sulphate of alumina (the quantity to use 
depends on the strength of the juice) ; after the mixture of these two 
liquors, add thereto bisulphite of soda to 4-0° B. q.s,, stirring con- 
stantly. The following is the reaction : — 

Al.,(SO,)3 6NaHOSO, - Al,(HO)*^ + 8Na,SO, + 6SO, 

Aluminium Sodium _ Aluminium Sodium Sulphurous * 

sulphate ‘ bisulphite hydrate, sulphate, acid. 

The average proportions to use are liquor 4°, 5,000 litres (1,100 
gallons), solid aluminium sulphate 4 kilogrammes (8*8 lb.), sodium 
bisulphite 38° to 40° B., 15 to 20 kilogrammes (33 to 44 lb.). This process 
is applicable to quebracho, mimosa, hemlock, sumac, pine, oak, chest- 
nut and others. The juice so treated is decolorised by aluminium 
hydrate in the nascent state, which agglutinates the resinoid particles 
of the liquor, and falls with them to the bottom of the vat, precipi- 
tated in the same way as with albumen or blood. Moreover, the 
nascent sulphurous acid, which escapes during the decolorisation of 
the juice, has an intensive decolorising effect. After cooling to 20° to 
25' C. decantation, concentration, etc., extracts are got soluble in cold 
water, retaining an acid reaction giving a pale yellow colour to leather, 
differing slightly but sometimes not at all from oak tanned leather. 
Finally, the colour imparted to the leather by such extracts is permanent 
and is not liable to change under the ordinary action of the air. Not- 
withstanding the interesting aspects of these decolorisation processes, 
the authors maintain the opinion given above, and add that they all 
have drawbacks, both for the extract manufacturer and the tanner; the 
first loses, whatever may be the process used, from 2 to 3 per cent, of 
tannin to the detriment of the yield in extract, and this percentage fails 
the second party, whilst the colour of his leathers is in no way altered. 
The authors can, in fact, affirm that, having had occasion to make im- 
portant analyses of the tannin in different leathers, where they had used 
decolorised extracts (either by blood or by nitrate), all the leathers 
tanned by these extracts were darker than those yielded by other and 
well-clarified extracts, and that although the coloration of a 1 per 
cent, solution was less dark than a solution of clarified extract. More- 
over, the tannei^" of the future will be that which utilises mixed pro- 
cesses of tanning, with extracts manufactured in a genuine manner 
^nd judiciously used ; the opinion of Procter, the eminent English 
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chemist^ is decisive on this point. If it be desired to impart to manu- 
factured extracts the necessary degree of solubility, resource must be 
made to perfectly neutral materials, products already used by the tan- 
nery without ever giving rise to any drawback ; thus the authors, rigor- 
ously inspired by these conditions, have used borax to render chestnut 
extract soluble. The borax is used in tanneries as follows : Borax 
may be used for many purposes in tanning and currying ; its most im- 
portant role is to soften the river water, to clean and preserve the 
skins, to avoid the loss of their gelatine, and thus to render the leather 
heavier and firmer ; it prevents the pits from going bad and putrid, it 
is the most efficacious and harmless agent that can be found for pre- 
liminary rinsing and cleaning of skins before being placed in the vat. 
With a kilogramme (2*2 lb.) 1,000 litres (220 gallons) of the water 
generally used may be softened. Solution is effected in boiling water 
and it is run into the vat with energetic stirring.’' It was, therefore, 
after important and repeated tests, that the authors were led to adopt 
it as a solvent agent for extracts clarified according to the mechanical 
processes already described ; the factory where the authors, inter alia, 
demonstrated this interesting question continues to use it on an out- 
put of 7,000 kilogrammes per day, and they know, on the other hand, 
that the tanners who use it are perfectly satisfied therewith. At the 
minimum rate at which it is incorporated, it only enters into the com- 
position of these extracts, so as to render the small percentage of in- 
soluble, soluble in the cold. Added to the liquor, at a certain stage of 
the manufacture, it produces neither precipitate nor reaction of any 
kind. 

Manu facture of Chestnut Extracts of 25"^ B., 30° B. or Drij. Concentra- 
tion or Evaporation of Chestnut Extfrwts . — The treated juice or liquors, t.e,, 
clarified according to the processes already described, pass directly from 
a liquor receiver to the evaporating vessels, represented in some factories 
by a double effect, in others and better still by a triple effect, which 
constitutes, in the opinion of the authors, the plant which ought pre- 
ferably to be used. (The different systems used in tannin manufactures 
will be described farther on.) As stated, it must be taken that liquors 
of 3*8° yield 13 to 14 per cent, of extract of 23° to 26°, with 86 to 87 
per cent, of water to evaporate ; knowing on the other hand that the ton 
of wood treated yields on an average 1,330 to 1,630 litres of liquor 
(297 to 363 gallons) according to the method of working adopted, it is 
easy from such data to determine the evaporative capacity to impart 
to the vessels intended for the concentration of the liquor of our typical 
factory, the consumption of which is 60 tons per twenty-four hours, 
which will be, moreover, described later on. These vessels are fed in a 
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regular manner, and it may be said that it is even possible to feed them 
automatically so as to do away with an attendant. A triple effect 
evaporating 20 litres of water per hour per square metre will thus^ 
yield the corresponding quantity of extract of 25°, say 2*7 kilogrammes^ 
In No. it may be taken that this hourly output will fall to 2*1 kilo- 
grammes when making 30 ° extract. As to the steam consumptio^i and 
always in the case of a triple effect, it is necessary to allow 7 kilo- 
grammes for the evaporation of 20 litres of water per square metre per 
hour ; finally, if a reheater be utilised prior to No. 1, the consumption 
may be appreciably reduced, and it may be said that the evaporation of 
that quantity of water apparently requires the amount of steam which 
corresponds to 1 kilogramme of coal or to 5 kilogrammes of spent chips. 
Although this yield appears satisfactory and suffices on normal work- 
ing, the Kestner system, which gives far superior results, will be ex- 
plained further on. No. 3 is generally furnished with a syruj) dis- 
charger or a special extract pump by which the extracts, when they 
have reached 25 ° or 30°, can be evacuated whilst the plant is at work and 
stored in tanks where they cool naturally before being sent out in 
petroleum casks. It may be said that these extracts, once placed in 
the vats, gain by being left there to deposit for several days ; the mud 
which they deposit can only spoil the quality. It is better to take these 
deposits and treat them together with the mud from the clarified juice ; 
they can then be concentrated. 

Dry Extract. — It is possible, by the rotary simple effect described 
later on, to push the concentration farther than 30° and to bring it 
to the dry condition (its composition has been given) ; it is then necessary, 
so as to produce 100 kilogrammes, to use 210 kilogrammes of 25 ° ex- 
tract, or 170 kilogrammes of 30°, consuming 3 to 4 kilogrammes of 
steam. Its cost price is then fixed at about 25 francs (£l) the 100 
kilogrammes (2 cwt.) for 45 per cent, tannin. 

Solution o f Dry Extract.~To dissolve dry extract, do not use too cold 
water, and if perfect solution be required heat to 60° C. (140° F.) or 
higher. Crush the cakes to be dissolved and suspend the pieces in a 
willow basket in the upper part of the liquor. Let solution take place 
of its own accord until the solid extract has disappeared. If the cake 
of extract be placed in the bottom of the liquid, it is impossible to dis- 
solve a dry extract well even when stirred continually with a rod. 
Only extracts soluble in the cold are included in this style of working, 
prepared as indicated by the authors ; extracts containing a percentage 
of insolubles (more than 5 per cent.) require to be rendered soluble in 
an apparatus ad hoc, which will be described farther on when dealing 
with diy^ (juebracho extracts (see p. 260). 
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Factory Routine . — It is indispensable for the good working of an 
extract factory that it be subjected to rigorous control day and night ; 
a manufacturing schedule is therefore appended here with its control 
appendix by which the manufacture may be followed daily and at no 
matter what moment. These documents also serve as the basis of 
strict bopk-keeping, hence errors, so to speak, become impossible with- 
out it being shown one way or another by the quarterly inventories 
which should be taken in a factory of this kind. 
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Observations. 

Average pressure on the boiler . 

Average strength of the liquors . * ’ ‘ 

I Number of triple effect boilings . ! * ' ' 

I Average temperature of the water feeding the boilers ! 

I ” ” » » feeding the autoclaves or 

vats . 

I ” ” i> from the refrigerators 

I ” ” »> yj from the condensers 

I •’ „ cooled liquors 

i ox r i. , ” ” gases 

I btate of the furnaces .... 

i Draught in mm. at the fan or chimney 
iVverage vacuum in the three vessels 
„ temperature of the three vessels 
Weight of 25° or 30° extract made vat No. 

Tannin per cent, of average liquor 
Per cent, of tannin in 2.5° extract 
30° „ 

’’ 1 , „ gallo-sumac 

•> „ quebracho 

„ special 2-5° 

I ^ M „ oak 2-5° . 

I Tannin per cent, of wood treated, Lot No. 

I Moisture 


Repairs. 


Day 


Night 
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A'aporahon by Direct Following the example given by M. 

F. Kienlen in his remarkable “ Examination of the Different Systems of 
Evaporating Lyes ” in his “ Soda and Soap Industries ” {Moii. Scietilip'qtie, 
1898), the authors propose in their turn to pass in review the different 
evaporation plant used in the important tannin industry for the con- 
centration of the juice or tannic liquors, from 4° to 25° or 30° B., the 
hydrometer strength at which they are valued commercially. 

Concentration by Indirect Heat : Evajyorating Pan with Ckenaillers Coil 
As in this industry, the use of direct steam for the concentration of 
the juice— whether in a pan fitted with a steam coil or with a Chenail- 
ler s coil— oxidises and destroys the tannin by the too great temperature 
of the steam (150° C. (302° F.) with a pressure of 5 kilogrammes) pass- 
ing through this style of apparatus in the open air, and as it would 
be necessary to give them cumbersome dimensions, and at the same time 
to consume an excessive amount of steam, it will only be adverted 
to as a matter of history, and mention will only be made of Chenailler’s 
lens evaporating plant (Fig. 89), which might be used at a stretch for 
the evaporation of liquor intended for crude chestnut extracts (20° gallic 
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for dyeing), or logwood or other dry tinctorial extracts. It need only 
be added that a Chenailler’s apparatus expends 25 kilogrammes of 
steam per hour per square metre, when a simple effect expends 11 
kilogrammes, a double effect 0*72 kilogramme, and a triple effect 0*360 
kilogramme to evaporate the same amount of water. 

Plant for F.vaporaiion under Reduced Pressure (l accinu Pan ,%). — It is 
to the sugar industry that we owe the first plant, based on the principle 
of lowering the boiling point of a liquid at the atmospheric pressure, 
by bringing that liquid to the state of vapour under a pressure less 
than that of the atmosphere. Howard, the engineer, was the first to 
introduce into British sugar refineries, in 1813, the fii-st appliance of 
this nature, using, moreover, for the production of the vacuum a baro- 
metric condenser with countercurrent and dry air pump. Later on 



Fio. 89, — Chenailler’s evai)orator. 


Derosne sent out analogous plant, but with surface condensers in which 
the diluted juice acted as the refrigerating agent. Finally, the prin- 
ciple of the multiple utilisation of heat was applied in America by 
Rillieux in 1830 then in Europe about 1850. During this time 
numerous improvements were brought to bear thereupon by Tischbein, 
Robert, Degrand, Walkhoff, Cecil (.^ Cail) and Derosne, but the merit 
of their propagation in the French sugar industry belongs to Cail 8: 
Co. and more recently to the Fives-Lille Construction Co., without 
taking into account the firm of Bonnet-Spazin, who have specialised in 
the construction of plant intended for use in the tannin industry since 
1877. Such plant is constructed on the principle of utilising the latent 
heat which is disengaged from the liquid being evaporated (and 
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which is generally lost in those pans that are heated indirectly 
or in the open air) to heat fresh quantities of liquid to be evapor- 
ated in one or more vessels communicating consecutively with each 
other. The arrangements for simple, double and triple effect used in 
the tannin industries will be described and their maximum utilisation, 
as much from the point of view of the amount of steam evaporated per 
hour as from that of tlie economy in steam to be realised, all proportions 
being adhered to so as to ensure a high capacity. 

Simple Effect. — This, the simplest type, comprises a closed pan 
(which the French call a cause) in which the pressure is lowered by 
the rarefaction of the air at the exit of the steam from that pan. 
The heating steam (the escape steam from the engines or coming 
directly from the steam boilers) is injected into the steam chamber 
of the pan. The calandria is provided with two horizontal tubular 
bronze plates pierced with holes, in which there are fixed par dud- 
geonnage the tubes of a tubular bundle, thus forming a large heating 
surface. There is formed in this way around this tubular bundle a 
heating chamber occupied by steam, the juice to be evaporated being 
inside the tubes. The authors remark that it would be more normal 
to cause the steam to pass inside the tubes, after the style of a tubular 
reheater, and to cause the juice to be evaporated to circulate all 
around the exterior ; however, practice has shown that the converse 
should be the case, looking to the facility for cleaning the tubes which, 
eventually becoming encrusted, require cleaning by brushes, so as to 
preserve the maximum evaporating capacity of a tubular bundle. The 
steam penetrating into the heating chamber condenses, abandoning 
its latent heat to the juice to be evaporated, the latter boils under 
the reduced pressure, and thus yields a fresh amount of steam. The 
water from the condensation of the steam in the heating chamber is 
run off through a blow-off pipe, and generally by an automatic blow 
off which prevents the passage of steam. It is used to feed the boilers. 
The steam from the boiling juice is condensed in a surface condenser, 
placed in front of the air pump, at the exit from the pan, and yields 
a corresponding quantity of Iiot water, which is used for macerating 
the wood. With a barometric or with an injection condenser, the 
steam mixed with the condensation water goes down the drain 
in sheer loss, therefore the authors recommend the exclusive use 
of a surface condenser in the three cases, of simple, double and 
triple effect, because they hold, as seen previously (Chap. I.), that in a 
tannin factory the maximum yield and highest percentage in tannin 
are obtained by the use of water as pure as possible for the maceration 
of the wood. The condensed waters from the evaporating vessels 
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are obviously indicated, and, in default of a system of surface con- 
densation to collect them, a special pump is required called the con- 
densed water pump, whether in double or triple-effect working. 

Installing a Simple Effect. — This apparatus, now slightly modified, 
was described in its simplicity by Othon Petit {Des Emplois chimiques du 
Bois dans les Arts et V Industrie, 1888). A more improved form of this 
plant is, therefore, shown here (Fig. 90), combined with if^ juice 
reheater, R, and a wet air pump. That arrangement is particularly 
suitable for tanneries of a certain magnitude, which wish to concentrate 



Fir,. 90. — Simple effect evaporation plant with reheater and its pump. 

bark, diffusion juices, or juices from the maceration of wood, or weak 
juices regenerated from their train of vats, after treatment and clari- 
fication, manufacturing in this way easily and economically thick 
juice ^of 12° to 15° B. which serves to enrich those at work. Here 
are the details of this plant which comprise: (1) A vessel. A, of 
20 square metres of heating surface, capable of evaporating 1,000 litres 
(220 gallons) of water per hour. This apparatus is made entirely of 
copper and bronze in those parts which come into direct contact with 
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the juice and consists of a tubular calandria 1 metre in diameter, height 
between the tubular plates 0*77 metre, thickness 5 mm., in the bottom 
6 mm. ; an upper calandria, diameter 1 metre, height 1 metre, thickness 
5 mm., in the bottom 6 mm. ; a safety vessel, V, 600 by 600 mm., 
thickness 3 mm., in bottom 4 mm. ; two tubular bronze plates, l6 mm. 
thick; a tubular bundle comprising l62 tubes in electro-copper of 50 
mm. exterior diameter, thickness 2 mm., a copper steam inlet con- 
necting pipe on the tubular bundle, a copper connecting pipe for the 
passage of the steam to the safety vessel, a connecting pipe and a pipe 
of 35 mm. diameter for the return of the entrained liquor ; iron joint 
bands ; cast-iron supports. It is also fitted with its taps and the follow- 
ing accessories : one bronze tap 40 mm. for liquor inlet. One bronze 
three-way tap 10 mm. for discharging the extract and the wash water. 
One connecting pipe all bronze for blowing off the condensed water. 
Gauge glass vacuum indicator. Air tap. Anti-froth tap (robinet a 
beurre). Wash water tap. Test glass for sampling. Manhole doors in 
bronze 400 mm. in diameter. Round peepholes 100 mm. Tap for 
evacuation of incondensable gases. The complete plant weighs 1,625 
kilogrammes (say 1| metric tons or about 32 cwt.). The air pump, 
P, serving this triple effect, with its condenser, C, entirely of copper 
and bronze in the parts connected with the tannic steam, capable of 
condensing lOp kilogrammes of steam per hour, is driven at will by a 
belt, or by a direct motor. 

Juice Reheater , — As has been remarked, and as is, moreover, shown 
in Fig. 90, the juice to be concentrated traverses the tubular bundle 
of a copper reheater (Fig. 9l)j consisting of a cylindrical calandria of 2 
metres by 400 mm., of two tubular bronze plates, one upper manhole, one 
lower manhole. The tubular bundle consists of thirty-seven copper tubes 
of 40 X 45 mm., representing 8 square metres of heating surface. A juice 
inlet connection pipe for the distribution chamber and a discharge pipe 
complete this apparatus, into which the juice runs, between 15° to 
20° C. (59° to 68° F.), to issue between 50° and 55° C., a temperature at 
which it is brought by the steam from the simple effect circulating 
round the tubular bundle of the reheater before it passes to the air 
pump and the condenser. This simple apparatus realises a notable 
economy in steam, which may be estimated at 9-4, 5-3 per cent, in triple, 
double or simple effect. 

Rotaj’i/ Simple Effect . — The rotary type of simple effect, designed by 
Bonnet-Spazin & Co., of Lyons, in which the tubular bundle revolves, 
may be described here. This system, where the juice to be concen- 
trated circulates around steam pipes, is especially suited for the manu- 
facture of chestnut quebracho, logwood or other dry extracts. It 
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advantageously replaces Chenailler’s system previously described. It 
consists (Fig. 92) essentially of a horizontal copper calandria, fitted 
with a double bottom, and surmounted by a safety vessel, inside of 
which is a froth breaker, two bottoms or linings of copper plates 
pierced with a central hole closing its two extremities. 

Inside a tubular bundle, consisting of copper pipes 2 mm. thick, 40 by 



Fig. 91. — Tannic liquor reheater. 


4.5 cm., the extremities of which are dudgeoned into the orifices of two 
tubular bronze plates of 18 to 20 mm. thick. A hollow central shaft 
traverses the whole system from one end to the other, and receives 
the steam, which it distributes into all the pipes, and enters the 
tubular plates and the linings of the tubular bundle, where the con- 
densed steam is blown off through the double bottom to be afterwards 
evacuated. The tubular bundle turns on the glands of two stuffing 
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boxes, which are fixed in the centre of the dome part of the cal- 
andria ; the extremity of the hollow shaft again rests on two bearings 
with stuffing boxes with glands, the one serving as a steam inlet, the 
other as an outlet for the condensed water evacuated by the rotation 
of the tubular bundle and the pressure of the steam, which cause it to 
pass into the double jacket, whence it escapes to be utilised in feeding 
the boHers. 

Double Effect . — This type consists of two closed vertical pans com- 
municating with each other, in which the pressure is lowered by rare- 
faction of the air at the extremity of the system. The heating steam, 
as in the simple effect, entering the heating chamber of the first pan, 
condenses, giving up its latent heat to the liquid to be evaporated, the 
latter boils under slightly reduced pressure, and thus yields a fresh 
quantity of steam. This steam is utilised to heat the tubular bundle 
of No. 2 vessel communicating with No. 1 ; it causes fresh liquid to 



Fi(}. 92. — Horizontal rotary simple effect concentration plant. 

boil under the reduced pressure, produced by the rarefaction of the 
air in the last vessel, by means of a special pump. Fresh quantities 
of water condense in the heating chamber of No. 2 ; the steam arising 
from the boiling of the liquor in that vessel is condensed in a surface 
or injection condenser placed in front of the air pump at the exit of 
No. 2, after having traversed the tubular bundle of a juice reheater. 
The heating chamber of No. 2 may be connected with a condensed 
water pump (the water from which is used for the maceration of the 
wood), a centrifugal pump, for example, which pumps it to the con- 
densed water reservoir feeding the vats or autoclaves. Fig. shows 
a double effect with 90 square metres of heating surface, capable ot eva- 
porating 2,250 litres (475 gallons) of water per hour with barometric 
condenser, condensed water pump and dry air pump wrought tandem 
by direct motor. The safety vessel shown is of the system with mul- 
tiple perforated baffles ; it gives very good results, as a froth breaker, 
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ill the evaporation of oak liquors, which froth greatly. It may be re- 
marked, that an increase in the number of vessels does not result, as 
one might believe, in an increase in the production of the system, but 
simply in a decrease in the steam expended, as also in the amount of 
water used for condensation. Moreover, the number of vessels ap- 
propriate for the work does not depend so much on certain peculiar 
cases, as in alkali manufacture, or in sugar manufacture ; the Authors’ 



Fig. Double effect” with its barometric condenser and its two pumps driven 

in tandem by direct motor. 

experience in the matter enables them to assert that for a tannin factory 
to work economically, that is to say, to use exhausted wooden chips solely 
as fuel (the use of coal would, moreover, point to abnormal working, 
bad arrangement of plant and apparatus, or obsolete processes), it 
suffices to use an improved triple effect. 

Theory of the Triple Effect . — Suppose the heating steam in No. 1 
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be 100° C. and the liquid arriving at its boiling point, say, 84° (see Fig. 
94). The heating steam is condensed at 84° C. ; it gives up a quantity 
of heat: latent heat 84, 496*3 + 40*200 + l6 = 552*50 calories per 
kilogramme of steam. The liquor in No. 1 is vaporised at the tem- 
perature of 84° C. To vaporise a kilogramme of water at that tem- 
perature an amount of heat is required of 507*1 2 + 39*04 = 546*16, 
hence 1 kilogramme of condensed steam in No. 1 vessel can vaporise 
552*50 

1*015 kilogrammes of liquid in that vessel. No. 1 steam at 

84° condenses in No. 2 at 73° C. Each kilogramme of that steam, con- 
verted into water at 73° C., gives up 546*16+ 11=557*16 calories. 
The liquor entering No. 2 at a temperature of 84° C. is converted into 



steam at 73 C. ; it requires for that an amount of heat of 546*16 - 11 = 
535*16 calories. Hence 1 kilogramme of steam condensed in No. 2 

vaporises kilogrammes of liquid in that vessel. No. 2 

steam produced at 73° C. is condensed in No. 3 into water at 54° C. One 
kilogramme of that steam at 73° C., converted into water at 54° C., gives 
up a heat of 550*6+ 19 = 569*6 calories. The liquor entering No. 3 is 
at 73° C. and it is reduced to steam at 54° C. It requires for that per 
kilogramme a heat of 550*6 — 19 = 531*6 calories. Hence a kilogramme 

of steam condensed in No. 3 vaporises 1 *071 kilogrammes of 

water therein. To sum up, 1 kilogramme of steam entering No. 1 at 100° 
C. produces a kilogramme of condensed water at 84° C. ; 1*015 kilo- 
grammes of steam in No. 1, which is converted into 1*015 kilogrammes 
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of condensed water at 73° C., will produce 1*015 x 1*030= 1*050 kilo- 
grammes of steam in No. 2, which condense into I 050 kilogrammes 
at 54° C., which produce 1 *050 x 1*070 = 1*125 kilogrammes of steam 
in No. 3, which goes to the condenser. Hence, finally, 1 kilogramme 
of steam at 100° C. induces the evaporation of 1 *015 of water in No. 1, of 
1*050 in No. 2, of 1*125 in No. 3' — a total of 3*190. 

Table XXIII. — Showing Balance of the Account of Steam Expenditure and 
Recovery in the Working of Triple Effect Plant in the Concentration 
of Tannin Extracts 


There were in the beginning : — 

Calories. 

1 kilogramme of steam at 100° C., containing .... 636 

3-190 kilogrammes of liquor at 84° C., containing . . . . 336 

Total 97*2 

There is recovered at the end of the operation : — 

Calories. 

1 kilogramme of water at 84° C., possessing 84 

1-015 kilogrammes of w-ater at 73° C., possessing . . . . 74 

1-050 „ „ „ 54° C., 56 

1-125 „ of steam at 54° C., ,, .... 698 


912 

IVeight o f IVater Evaporated per Vessel caisse ”) bi/ a Tiiple Effect 
Plant. — The evaporative capacity of a vessel is proportional to the heat- 
ing surfaces and to the difference in temperature between the steam and 
the liquid. It depends on the state of the tubes and of the density of 

the liquid in virtue of its resistance to the motion of circulation. Let 

the two last elements be neglected. No. 1, 1 square metre ; No. 2, 1 
square metre ; No. 3, I square metre. Take the temperature of the 
heating steam as 100° C., the vacuum as 65 cm. in No. 3 giving 54° C. 
Total difference, 100 — 54 = 46. Dividing this difference into three, say 
15*3, the apparatus ought to be regulated to have a temperature of 

100- 15'3 =84-67 in No. 1,76 -43 = 33 cm. vacuum 
84-67 - 15-33 = 69-34 in No. 2, 76 - 22 = 54 „ 

69-34-15-34 = 54 in No. 3, 65 ,, ,, 

and the three vessels will do the same amount of work. 

Triple Effect. — As already stated, the triple effect system of evapora- 
tion under reduced pressure is much the best system for tannin 
factories or dyewood extract factories. It ensures constant and 
economical working by its comparatively great evaporating capacity, 
coupled with a minimum steam consumption as demonstrated above 
by calculation. Each system, which varies (as the figures show) with 
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the constructor, who has generally followed the advice of the chemical 
engineers of the industry in regard to such and such an improvement, 
will first be studied. 

Type I. — Triple effect of 150 square metres of heating surface (this 
example is taken as representing the average build of this type) com- 
bined simply with an injection condenser and a pump or wet-air vacuum. 
Evaporative capacity 3,000 litres (660 gallons) per hour, say 20 litres 
(4*4 gallons) per hour per square metre. In this case it is plain that 
the steam economy rests in the number of vessels. The condensed 
water from Nos. 2 and 3 going direct to the condenser mix with the 
injection water. Consequently it is totally ejected by the condensed 



Fkj. 95. — Triple effect evaporation plant. 


water pipe. This arrangement (Fig. 95), which is the most simple, ought 
not to be used unless unavoidable ; it should be completed by a con- 
densed water pump as will be shown farther on (Type III.). 

Type II. — Triple effect of 150 square metres (three equal vessels 
of 50 square metres) combined (1) with a countercurrent barometric 
condenser ; (2) with a condensed water pump ; (3) with a dry air pump, 
tandem system by direct motor. The steams from Nos. 1 and 2, con- 
densed in the heating chambers of Nos. 2 and 3, are aspirated and col- 
lected by a special condensed water pump, which maintains the vacuum 
in the ebullition or evaporation calandria of Nos. 1 and 2, by means of 
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suction valves. This condensed water pump, 150 -mm. by 320 mm., with 
four valves, two for suction and two for propulsion, all made of bronze, do 
not propel further than a metre, so a copot, about the level of the pro- 
pulsion pipes, receives the condensed water from Nos. 2 and 3 vessels, 
to be afterwards propelled by a special (bronze) centrifugal pump to the 
feed condenser, to be utilised in the maceration of the wood. The 



Fig. 96. — ‘-Triple effect” connected with its barometric condenser, its dry air pump 
and condensed water pump in tandem (Bonnet-Spazin). 

copper condenser is of a new type, countercurrent with perforated 
baffles boO mm. x 3 m., water sej>arator and injection valve. It is 
completed by a barometric column 250 mm. in diameter and 12 metres 
in length. The air pump with direct horizontal motor, bayonet system, 
250 mm. x 320 mm., air cylinder 300 mm. x 320 mm. Fig. 9b re- 
presents the plant on the scale of 1 : 50, such as it works in certain fac- 
tories where it yields good results. Although the fixing of the baro- 
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metric condenser requires a minimum height of 1 1 metres it may be said 
that it works normally in all its applications. 

Type III. — Triple effect of 150 metres combined with (1) a wet air 
pump and injection condenser, which works, in parallel, a condensed 
water (from Nos. 2 and 3) pump ; (2) an automatic feed appliance 
(Koerting’s) placed to the left of Fig. 97, propelling directly to the steam 
boiler the blow-off water from No. 1. Fig. 97 shows the arrangement 
which is, in fact, the average modem one. As will be seen, each vessel 



Fig. 97. — “ Triple effect ” combined with moist air and condensed water pumps, the 
water blown off from No. 1 being propelled to the boilers by Koerting’s auto- 
matic feed. 


is fitted with a Heckmann’s safety vessel, which suppresses the old ar- 
rangement, the utility of which has been justly disputed. To complete 
this plant, it ismecessary to add a juice reheater such as shown in Fig. 
90 , the economy in steam realised by which has already been figured. 

Type IF. — Finally, and it is this which the authors would like to 
see adopted more frequently instead and in place of the injection or 
barometrical condenser, a surface condenser, capable of condensing all 
the tannic vapours. For it must not be forgotten, that the vital 
question in tannin manufacture is the purity of the maceration water. 
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and besides, the calories recuperated correspond to an appreciable 
economy in steam, which results in regular, constant, and, so to speak, 
automatic working. Thus, in adopting surface condensation, Derosne or 
tubular type, in which the tannic vapours from No. 3 circulate and 
completely condense, so as to allow the incondensable gases only to 
pass to the dry air suction pump, a notable improvement will be realised 
in present plant. Practical data enable the authors to assert that, in 
the case of a triple effect of 150 square metres, a tubular condenser 
of 6d square metres, in which there circulates as refrigerating agent not 
the juice as in the Derosne system, but the water coming in abundance 
from the liquor coolers, will suffice. Moreover, this arrangement is 
onl}^ complementary to the juice reheater placed originally at the steam 
exit from No. 3. This last installation is completed by the addition of 
a pump for the condensed waters from Nos. 2 and 3, which, collected 
with those from the surface condenser, are propelled to the maceration 
passing through the feed reservoir of the vats or autoclaves. 

Air Pumps. Condensed Water Pumps. Wet Air Pumps. — Types are 
very numerous, and it would take too long to enumerate them here, 
but pumps offering the greatest guarantee in simplicity and in the 
strength of their organs, with the least number of valves possible, two 
for suction, two for propulsion, their speed not exceeding fifty revolu- 
tions a minute, are always to be recommended. Finally, the pump 
should have a direct steam motor, the escape steam from which can be 
used to heat No. 1 vessel. This same pump will work, either parallel 
or tandem, another pump, called the condensed water pump, all of 
bronze, and which serves, in the case of a double effect, to draw the 
condensed tannic water from No. 2, and in the case of a triple effect, 
that from No. 2 and No. 3 vessels. Figs. fjO, 93, 96, 97 have already 
shown the position and the shape of these pumps. Two pumps are 
given here : Fig. 98 represents an air pump with direct motor, and Fig. 
99 a vertical twin made by Robatel, Buffaud & Co. of Lyons. 

Dry Air Pump. — This type of pump, which is used in working 
with a barometric or surface condenser, is generally coupled tandem 
with the preceding. It also is always driven by direct motor; its air 
cylinder has drawer distribution and arrangement for the suppression of 
injurious spaces. There is an advantage in constructing this pump alto- 
gether in bronze, in the same way as the condensed water pumps ; as to 
the wet air pump, the interior organs — rod and piston, cylinder jacket, 
valve seats — should or can be all in bronze. 

Triple Effect Plant. Starting and Working of Type III. Testing 
Tightness. — It is necessary about every fortnight, and every time that a 
defect is noticed in the working of the plant, to make a tightness test. 
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to make sure that no air enters and that all the joints are tight. The 
test is carried out as follows. Close all the taps which place the 
vessels in communication with the open air : the large steam escape taps, 
the live steam taps, the discharge taps of each vessel, the butter ” tap.i 
Make full joints on the blow-off pipes of No. 2 and No. 3 and on the collar 
which connects with the double condensed water pump. Close the water 
inlet tap to the condenser, fill the cylinder and the upper evacuation 
chamber of the air pump with water. Open the three taps for blowing 
off incondensable gases. Close the liquor inlet taps of No. 1 and leave 
the others open ; that done, start the air pump to work, so as to produce 
a vacuum in the three vessels ; increase this vacuum as much as pos- 
sible. If the piston is in good working order, as well as the glands 
of the stuffing boxes, 65 to 67 cm. of vacuum may be easily obtained. 




The pump is then stopped. If the vacuum falls very slowly, it is a 
proof that all is tight ; if the vacuum falls quickly, it is a sign of a 
leak in one of the vessels or in the piping. It is necessary to find 
the leakage ; the whistling which occurs when air enters anywhere 
is a convenient indicator to find it. One can, moreover, ascertain from 
which vessel the leaks take place, by closing first the liquor tap and 
that for the evacuation of the incondensable gases from No. 2, thereby 
isolating No. 1. If the fall of the vacuum stops in No. 1 vessel, that is 
a proof that the leak does not occur in that vessel ; if, on the other 

The robinet <1 bcurre supplies oil to float on the surface of the liquid, being 
evaporated so as to act as a froth preventive. — D. G. 

15 
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hand, it increases, then the leak is to be found in tliat vessel. No. 

2 vessel is isolated in the same way, closing the liquor tap and the 
tap for the evacuation of the incondensable gases of No. 3. It must 
be well realised that any entrance of air leads to the bad working of 
the triple effect, and that it is, therefore, necessary to correct it at once. 

Starting. — When tightness is secured a start is made as follows. 
Care is taken to remake the joints on the blow-off piping of No. 2 and 
No. 3 on the double condensed water pump. Close the liquor inlet 
taps of the three vessels ; open, to its normal point, the water inlet 
tap to the condenser. Start the air pump ; a vacuum is made in the 
three vessels, and when it reaches .SO cm. in No. 1, and 64 in No. 

open the liquor feed tap in that vessel. Let the juice run in to 
the level of the tubular plate. Close the feed valve. At the same time 
turn slightly the escape valve of the engines, so as to turn the escaped 
steam on to No. 1 ; the liquor in No. 1 soon commences to boil. Then 
open the feed valve of No. 2 to admit the liquor into that vessel. At 
the same time, again, open the tap of No. 1, to maintain its level. Let 
the liquor run into No. 2, until the boiling froth appears at the glass, 
and then open, finally, the feed tap of No. 3, to admit the liquor. As in 
No. 2, the liquor is allowed only to reach the top of the tubular plate. 
During the whole time of this period of feeding continue to heat No. 
1, so as to maij^tain therein the vacuum at 35 or 40 cm. ; to do that 
it is necessary to increase gradually the opening of the escape valve, 
of the engines, or to apply direct steam. Continue likewise to in- 
crease the quantity of liquor in No. 1 and in No. 2, but taking care 
not to allow the level of the liquid to rise too high. Starting from 
the moment when No. ,3 is fed, the ordinary working of the triple 
effect commences. The following rules must then be observed : — 

Hu/c.s' to Follow in Ordinanj Working of Triple Effect . — The two 
essential precautions in the working of the triple effect lie in the 
heating of No. 1 and in maintaining the level of the liquid in the 
three vessels. No. 1 must be heated, more or less, so that the vacuum 
is maintained uniformly at 35 or 40 cm. In the other vessels, the 
vacuum establishes itself, and working is normal when there is a vacuum 
of 50 to 55 cm. in No. 2 and 65 cm. in No. 3. The levels must be 
kept at such a height that there is no entrainment in any of the ves- 
sels, i.c., so that the froth does not rise too high and so be entrained 
into the safety vessel. Daylight must always be seen between the 
front peep-glass of the vessel and that above the bottom behind. If 
boiling be too violent in one of the vessels, the feed should be re- 
duced, so as to lower the level. If the liquor be at any moment seen 
to prime, which may be seen by aid of the peep-glass on the safety 
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vessel, the air tap is opened a little so as to lower the vacuum a little 
in that vessel, the effect of which is to stop the boiling at once. At 
the same time the feed of that vessel is reduced. Care must be taken in 
reducing the feed of a vessel to reduce that of those which precede 
it in the same ratio, otherwise the level of the latter will ascend. 
The vacuum in No. 3 should be 65 cm. That point is got by appro- 
priately adjusting the water inlet tap of the condenser. It is evident 
that the amount of water injected should be capable of condensing the 
steam from No. 3. The temperature of the mixture of hot water, 
which is ejected by the pump, ought to be 30° to 35° C. at the 
maximum. It is evident that in winter less water for condensation 
will be necessary than in summer. If, in spite of regulating appro- 
priately the volume of water injected, the vacuum does not stand at 
65 cm., the condition of the segments of the piston of the air pump 
of the stuffing boxes with glands and the rubber valves must be ascer- 
tained or it may be necessary to make a tightness test. Care must be 
taken to see from time to time that the blow-off cocks of each vessel 
are in good working order. The concentration of the liquor is greater 
in proportion as the evaporation progresses in No. 3. 

Sampling , — Samples are taken by aid of a special appliance adapted 
to each water-level as follows-. Close the lower and open the upper 
tap of the reservoirs. When the reservoir is filled with liquor, close the 
upper tap, which brings the interior of the reservoir in communication 
with the atmosphere by the small air-hole ; the juice flows into the 
sample vessel, in which it is tested by dipping a hydrometer into it. 
To aspirate that juice, open the two taps and close the top one, when 
air bells are seen to rise up the water-level. 

Discharging ilie Extract . — When the liquor in No. 3 is of the 
desired strength, it must be extracted, which is done by aid of the 
juice pump or the syrup discharger” (tvV/c-.vzroy;). Close the three 
liquor inlet taps on the three vessels and turn off the steam heating 
No. 1, allowing the vacuum to fall in No. 3 to aid the discharge. 
The piston rod of the extract pump is locked, and the discharge tap. 
of No. 3 is opened or the syrup discharger is brought into gear. When 
that vessel is empty the discharge valve is closed, the pump unlocked 
and No. 3 vessel is fed through No. 2, and No. 2 through No. 1, thus 
resuming normal working. Care must be taken that the bulk of the 
mass boiled in No. 3 does not rise 10 cm. (say 1* inches) above the 
tubular plate, so as to avoid loss of juice by the condensed water 
pumps and the dial tap. 

Slopinng the Triple KJf'ect Plant . — In stopping, the feed taps of 
each vessel must first be closed. The steam heating No. 1 must b^* 
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turned off by turning the escape valve so as to blow off in the open 
air, and the air pump is stopped. 

Reslarling . — Set the air pump to work. Open the steam inlet tap 
so as to turn heating steam on to No. 1, and when the boiling has 
resumed its usual course the juice feed is turned on, 

Clcanwg . — Care must be taken, so as to maintain the same output 
alway::, to clean the tubular bundle and wash the vessels at least 
once a month. It must be well realised that the encrustations on the 
inside of the tubes considerably diminish the turnout of the apparatus, 
and that it is very desirable to remove these encrustations, as often 
as practicable, to prevent them from hardening too much. To clean 
No. 1 brushing and washing with hot water often suffices, likewise for 
No. 2. In No. the encrustations become very hard, and it is then 
necessary to use a special apparatus, called the turbine brush. To 
facilitate the work of cleaning, water may be boiled in the vessels ; to 
do that it suffices to fill them with water up to the level of the plates 
and to turn on live steam into the heating chambers. This softens 
the hard encrustations and aids their removal by brush and scraper. 
The wash waters are evacuated through the wash collector, which 
discharges them down the drain. 

Kestncr\s Evaporator . — The evaporation plant in common use has 
now been reviewed. A new system, based on a principle but little 
known, by which a much greater output and an absolutely rational 
working of the plant is realised, now falls to be described. These 
evaporators are comparatively recent, but their applications multiply 
from day to day in all industries where evaporation has to be effected. 
The evaporators referred to are those of Kestner of Lille. This plant 
is constructed so as to be heated by live steam from the boilers or escape 
steam from the engines ; they are simple, double, triple or multiple 
effect ; concentration is effected in tubular bundles 7 metres in length. 
The li([Uor, distributed in the lower part of the plant by a special 
arrangement, divides itself equally into all the tubes of the bundle, con- 
ditions which realise a great advantage from the point of view of damage 
to products sensitive to heat ; as is the case with wood extracts, from 
the point of view of the liquid in circulation, the differences are remark- 
able corripared with other systems ; tlius for two sets of plant doing 
the same work an ordinary quadruple effect of the type previously de- 
scribed contains 1.5,000 litres in concentration, whilst Kestner s plant 
only contains 500 ! This difference clearly indicates that a new principle 
is applied in this evaporator ; it is the phenomenon termed grimpage 
or climbing ” which causes the liquid to rise in tubes 7 metres long. 
If the ratio be established between the volume of the liquid which 
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passes up the pipe from bottom to top and the volume of steam which 
escapes from the top of the tube, it is found that this proportion is at 
least as 1 to 1,000. Globules are formed in the bottom of the tube, but 
when the volume and the speed of the steam are sufficient the liquid 
assumes an ascending motion, in the form of an extremely thin layer 
along the interior side of the tube, whilst the steam circulates with a 
considerable speed of 25 metres per second in the axis of the tube (see 
Fig. 100). It will be realised that in these conditions evaporation is 
highly intensive and that the liquids are actually placed in the best 
conditions to prevent them getting damaged. Practically in all cases 
where Kestner’s evaporators have been applied more superior products 
have been obtained, and the reason why the authors recommend this 
particularly interesting plant is because they have found such to be the 
case. 

Description o f Fig. 100. — A multiple-effect vessel, on Kestner’s plan, 
consists of a copper tubular bundle enclosed in a steam chamber or 
calandria ; in the lower part of the calandria, of a distributing case 
of the liquid to be concentrated, which is fed into it by a single pipe 
of small diameter ; in the upper part of the steam separator. The 
tubular bundle, R, is 5 to 7 metres long, and the tubular plates on 
which the tubes are mandrilled are of bronze. The body, M, of the 
calandria is of wrought iron or copper. The separator 5 S, is spherical 
and comparatively small. It contains a baffle, D, fitted with blades, 
similar to those of a centrifugal turbine. This baffle is fixed ; the 
blades impart to the steam, which must pass between them, a rotary 
motion, which separates the liquid drops entrained by the steam. 
Fig. 100 shows a Kestner evaporator working at atmospheric pressure. 
The liquid separated from the steam flows away through L into an 
upper tank, Y. If the plant work in vacuo, the pipe, L, is prolonged 
into the lower part of the vessel, below. Cor example, the floor support- 
ing the weak liquor reservoir, X, and the flow of concentrated liquid 
occurs barometrically in the vessel, Y, resting, in that c^se, on the 
groui.d. Ill vacuum working, the steam exit pipe, B, Irom the con- 
centration, is connected with a safety vessel, communicating with a 
barometric condenser, or with a wet air pump if certain factory ar- 
rangements hinder barometric condensation, which is tlie best from all 
points of view. The heating steam enters through A. The condensed 
water exit is in the lower part of the calandria. The steam and the 
liquors to be concentrated circulate in opposite directions. Indepen- 
dently of the above advantages, Keslner’s plant possesses, moreover, 
general simplicity in construction ; few joints, consequently few leaks ; 
and slight entrance of air in plant working in vacuo ; also easy regula- 
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tion of the plant ; the delivery of the feed pipe of No. 1 is regulated, 
according to the density to be obtained in the last vessel. The floor 
space required is small. 

Washing is a peculiar feature of this plant. It enables 
it to maintain its maximum output. The section of a vessel (Fig. 1 00) 



shows that, as soon as the plant stops, the liquid may be entirely evacu- 
ated. Each vessel may be washed very rapidly with the hot condensa- 
tion water ; such washing requires about a quarter of an hour, and entails 
no stoppage of the factory. The wash water circulates in the same di- 
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rection as the concentration liquor ; cleaning is, therefore, particularly 
efficacious, and the plant, it may again be repeated, works with a 
maximum yield, whilst, in all other evaporation systems, cleaning of 
the plant is a lengthy operation that cannot be done daily, which thus 
increases the difficulty. One or more Kestner vessels may be added 
to existing vessels. Their heating surface is thus increased and their 



Fig. 101. — Kestner evajiorator, simple effect. 

output augmented, since to such evaporation plant there have been 
added one or several elements of much superior evaporative capacity. 
Even in heating by a steam coil, a Kestner evaporator, fed in the first 
instance by weak liquors, would supply steam to the coils to finish 
the concentration, and would thus realise very great economy of steam 
by establishing a group, working by double effect, the first element of 
which would be of great working capacity, Kestner's plant has 
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numerous applications in different industries connected with concen- 
tration, and particularly as regards wood extracts, tanning extracts, log- 
wood extracts, etc. Figs. 101 and 102 are photographs of plant 
actually at work. 



Fio. 102, — Kestner evaporator, qiiaclrnple effect. 

Summing up, according to what has just been said, Kestner’s new 
evaporator is certainly the apparatus best adapted, from all points of 
view, for the manufactures with which we are concerned, and that is 
why it has been described at greater length and recommended by the 
authors. Moreover, its efficiency has been proved. 



CHAPTER III 

MODEL TYPE OF AN EXTRACT FACTORY. CAPITAL REQUIRED. 

CALCULATION OF COST PRICE 

Speci/ication of a Model Faciorif, — As a type of an extract factory, 
the authors take one in which the plant and equipment enable 60 tons 
of chestnut or oak w'ood to be treated in twenty -four hours, that is, 
in fact, an ideal industrial remunerative factory. The following is a 
descriptive list of the various items of plant required for this manufac- 
ture on such a basis ; it includes : — 

I. Autoclaves. — Five autoclaves of 10,000 litres (2,200 gallons) ca- 
pacity, 1*85 metres in diameter and 4 metres in height, each includ- 
ing one charging manhole, 400 mm. ; one discharging manhole, 800 
ram. ; one steam inlet tap, 70 mm. ; one w’ater feed tap, 90 mm. ; one 
escape steam tap, 80 mm. ; one three-way valve of 100 jnm. for trans- 
fers ; one water-level ; one pressure gauge ; one bronze case with valve 
and snifting valve ; packing for all the orifices ; piping connecting all 
the autoclaves to each other ; cast-iron spout for feeding the chips, with 
hinged lid ; chain with pulley and counterpoise for working the top lids ; 
woodwork and columns staging to support the autoclaves. Such auto- 
claves are truncated in shape as in Fig. 8,'L 

Ia. Battenj of Wooden Vais. — The above l)attery of autoclaves is given 
as a matter of form only, as it does not admit of the rational working 
(in the case of factories which wish to make other extracts than chest- 
nut) recommended by the authors, from knowledge of the facts, which 
therefore requires a battery of sixteen w^ooden vats of 20,000 litres 
(4,400 gallons) capacity, capable of holding 5 metric tons of chestnut or 
oak chips and represented by Fig. 80. This battery when fully installed 
is a little cheaper than an autoclave battery, say . . £ 2,600 

II. Cutlers. — Two cutters witli angular tourteau (boss), 
each capable of reducing .80 metric tons of wood into chips 
in twelve hours, comprising : Oak foundation, steel shaft, 
three lubricating bearings, cast-iron boss bearing the blades. 


( 234 ) 


Carry forward £ 2,600 
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Brought fonvard £ 2,600 


fast and loose pulleys, fly-wheel, chute or spout, spur, 
wrought-iron hood, two sets of knives, £14*0 each, say the 
pair 280 

III. Elevating Conveyer. — Two elevators ; one conveyer 200 

IV. Steam Engine. — One non-condensing high-speed 
steam engine, horizontal type, 50 to 70 h.-p., to work the 
two cutters, the elevator-carriers and the various shaftings. 

Erection .......... 480 


V. Boilers. — Two multitubular steam boilers, horizon- 
tal type, of 1 20 square metres of heating surface, weighted 
to 8 kilogrammes, fitted with their accessories : door fit- 
tings, sweeping brush frames, boiler supports, dampers and 
their working appliances, safety valves, pressure gauge, 
water-level, feed tap and valve and appliances for being 
heated by a gas generating furnace, burning exhausted chips. 


£600 each, say the pair ....... 1,200 

Two gas generating furnaces complete, each £120, say 
the pair 240 

VI. Triple Effect, — One triple effect evaporation plant, 
with a heating surface of 180 square metres capable of eva- 


I>orating 3,500 Utres (770 gallons) per hour, consisting of 
three copper vessels, tubular bronze plates, Heckman’s 
safety vessel and steam communication pipe. With com- 
plete piping, viz.y valves for escape steam and live steam, 
for charging and discharging liquor level, sampling vessel, 
butter ” tap, peep-glasses, manhole, condensed water dis- 
charge pipe and froth return pipe. One copper condenser 
on the air pump. One air pump with direct motor, coupled 
to a pump for the evacuation of the condensed water from 
Nos. 2 and 3 vessels, enabling this water to be used for 
feeding the autoclaves. One liquor pump for emptying 
No. 3. One wrought-iron collecting globe of the escape 
steam from the various engines, with inlet and exit pipes, 
blow-off cock and safety valve. All complete, with the 
piping connecting the three vessels witli each other and 
that connecting the latter with their respective pumps, as 
well as all the woodwork and masonry expenses, in all . 3,200 

VII. Mechanical Decantation of the Juice. — Four decant- 
ing turbines of 1*2 metres in diameter, with’an output of 

1,000 litres (220 gallons) per hour, all complete in copper — - 

Carry fonvard £ 8,200 
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Brought forward £8,200 

or bronze as regards the parts in contact with the juice, 

Robatel, Buffaud & Co.’s system ; each £l60, say for the four 640 

^ III. Factot'i/ Bul/diugs. — One hall 700 square metres 
in area, with saw indented metallic framework and slant 
roof for Jthe chip-granary, plus a shed of 400 square metres 
for the extract vats, cooper’s shop, the office, laboratory and 
a small repair shop, the whole built of material to be found 
on the spot at the inclusive price of . . . . . 1,600 

IX. Chimney with Mechanical Draught. — One chimney 

with Sturtevant converter ...... 200 

X. Site. — Approximate price of site, which ought more- 
over to be selected on a spot fulfilling the conditions re- 
quired for this class of work : contiguous to a junction, from 
which a network of branch lines emerge with a water 
supply of at least 50,000 litres (11,000 gallons) per hour, 
the geometrical centre, as far as possible, of chestnut or oak 
forests, the area of which enables the factory to be written 
off as depreciation in ten years or sooner if the amount 
of depreciation is a factor of the cost of buying wood at a 


price not exceeding twelve shillings a ton, finally minimum 
and active hand labour. 

The authors estimate a total area of 4,000 square metres 
as sufficient for such an installation at three francs the yard, 
say for purchase of the site 480 

XI. Water works and its pump, trucks and Dccauville 

track, accessories and sundry articles for the manufacture . .'J20 

XII. Five tubular refrigerators ..... 320 

XIII. V ats for liquor, etc. ...... l60 

XIV. Office and laboratory ...... 80 

X^^ Noyer’s condenser-relieater reservoir ... l60 

XV’^I. Shafting and different pulleys .... 80 

XVII. Wood in shed ....... 800 

XVIII. Incidentals for casks, weighing machines, equip- 
ment, etc. ......... l60 

lor starting a factory treating 60 tons of wood in 

twenty-four hours, a capital of . . . . . . £13,200 

Add for working capital ...... 800 

which then represents the total maximum capital for starting 
a chestnut extract factory on the above-mentioned basis, 
that is to say capable of j)rodueing a minimum of 13 metric 
tons of extract in twenty-four hours . 


£14,000 
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Cost Price . — For a capital of £14,000 and on the basis of treatment 
and production indicated above, the cost price of 100, kilogrammes of 
extract 25° may be dissected thus : — 

(1) Raw Materials . — 500 kilogrammes, say half a ton of 
chestnut wood (45 per cent, water), at twelve shillings the 

ton on spot . £0 6 0 

(2) Labour. — Gratuities, labour, accident insurance 0 1 4*8 

(3) General Expenses. — Rent, rates, taxes, insurance, in- 
terest, depreciation . 0 1 2*4 

(4) Working Expenses. — Repairs, electric light, clarifica- 
tion ^ ^ 0*0’ 

Say per 100 kilogrammes (2 cwt.) of unpacked extract 

at the factory . . . • • • • • . £0 9 7*2 

Taking the high price of casks into account, allow for 
packing 100 kilogrammes (2 cwt.) of 25° extract . . 0 2 4*8 

The average cost (free) on rail of freight into France or 
European port . . ....... 0 2 9'6' 

Commission to sellers . . . . . . . 0 0 4 8 

Say per 100 kilogrammes (2 cwt.) of 25° extract de- 

livered free to customers £0 15 2-4 

Now the average selling price, which will remain station- 
ary for a long time, with a tendency to a rise, is . . 0 17 7*2 


£0 2 4-8 


Say a net profit per 100 kilogrammes (2 cwt.) of 25° 

extract ... . . . . . • 

Hence taking the working year of .300 days, with a 60 ton factory 
as type and erected with a capital of £ 14,000, will give a return of 

^ £3,078 lbs., or a gross profit of 30 to 33 
100 ‘ ^ 


per cent. [But on the authors’ own showing the yield from 500 
kilogrammes of wood is only 100 kilogrammes of extract, that is one- 
fifth, and the fifth parrof ()0 metric tons or 60,000 kilogrammes is 
12,000 kilogrammes, not 1.3,000 . — Tr.] 

Generally it is necessary to take into account the increase in the 
prime cost of wood, but in any case it must be taken that the redemp- 
tion is effected in three or four years ; the cost of the ton of wood 
generally rises from 15 to 17 francs (12s. to 13s. 7*2d.) or more, the profit 
per 100 kilogrammes of extract then falls from 30 to 33 per cent, to 
10 to 12 per cent., a net profit still appreciable in these times, because, 
in fact, it must not be lost sight of that the tannin industry, although 
of French origin, is perliaps at the present day one of the most pros- 
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perous, and it may be said that it will be so for a long time if it gives 
greater and greater satisfaction to its customers, the tanneries, which 
are following a progressive march in virtue of present eventualities, 
which will create for a long time to come new needs which will per- 
force react on the European market. 



CHAPTER IV 
STATISTICAL 


Number and Capacity o f Extract Factories in France, Corsica, Itaiy, Spain 
— Total French Production in 1904 — Imports and Exports of Chest- 
nut Extract and of other Vegetable Liquors into and out of France 
since 1900, according to Official Documents 

Number and Capacity of Extract Factories in France . — In 1875 there 
were only seven factories of this kind, to-day there are more than 
twenty. They are tabulated below. 


Name of Manufacturers. 


1. Liebaut & Co. 


J. P. Rey , 

!) i) 

Levinstein Co. 
Watriffant fils 


g. Locality of Works. 

Ossez (Basses-Pyrenees) 
Nay ( „ „ ) . 

Tournaye (Htes.-Pyrenees) 
St. Nicholas (Morbihan) . 
La Rochette (Savoie) . . 

Couze (Dordogne) . . , 

» Cornil (Correze) .... 
Pont Vert (Cher) .... 

Marquette-lez-Lille . . . 


5. Rey freres . . Montreiiil-s.-Ille (I.-et-\ .) 

a }} }y j) ' ' 

(). Philippe Co. . Lalevade d’Ardeche . . . . 

7. Huillard .S: Co. . St. Denis-des-Mures (Hte.- 

Vienne) 

„ ,, Suresne (Paris) 


Tons of Wood treated 
per 24 hours. 

60 tons chestnut 
50 „ ,, 


100 „ 

1 00 tons chestnut 
and oak 

50 tons quebracho, 
sumac, myrobolam 
30 tons logwood 
90 „ 

30 „ oak 


60 „ „ 
sumac, quebracho, 
loffwood 


8. Marchal - Cour- 

baize . . . Maurs (Cantal) 60 tons 

9. Gillet et fils . Lyon-V^aise «>0 „ 

„ „ Molieres-Cavaillac (Gard) . . 30 „ 

10. E. Roy 8: Co. . Lanouaille (Dordogne) ... 50 „ 

( 239 ) 
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Name of Manufacturers. Locality of Works. 

11. Miallon & Co. . Banassac (Lozere) . . . . 

12. Societedes Tan- 

nins concen- 
tres . . . . Montrejeau (Hte. -Garonne) . 

13. Roubin & Co. . Lalevade (Ardeche) . . . . 

14. Ausset & Her- 

met .... Genolhac (Gard) . . . . 

15. Societe des Pro- 

duits chim- 

iqiies . . . Labrugniere (Tarn) .... 

16. Abeille . 

1 7 . Croniere - Que - 

relle . . . Ponteils (Gard) 

18. Bordet & Co. . Froidvent (Cbte-d’Or) . 

19. Luc et fils . . Nancy 

20. Baux .... Marseilles 

21. Patre et Mabil- 


Tons of Wood treated 
per 24 hours. 

50 tons 


20 ,, 

20 „ 

20 „ 

20 „ oak 

^0 

}} ff 

10 „ chestnut 


lat .... Factory transferred into Italy. 

22. J. Noyer (k Co. Factory projected at Lavaulte- 
sur-Rhone. 


Say a total, therefore, of twenty chestnut extract manufacturers 
and twenty-six factories of chestnut extract, of which three manufac- 
ture especially oak extract. The total consumption of this aggregate 
of factories, and, therefore, their vitality, has been given in the article. 
Deafforestation of Chestnut Woods in France The authors, however, 
believe that, in spite of their calculations based on official figures, 
the life of these factories will be much shorter, because the factor, 
which might be called reserve, is ignored or is capable of too much 
approximation for it to be possible to be affirmative thereanent. 

Italian Factories . — Lepetit-Dollfus et Gansser at Garessio (Cunes) ; 
Martinolo et Lamberti at Millesimo (Savona) ; Giuseppe Massa at Gares- 
sio ; Varaud et Paret at Bagni di Lucca (the two last factories work for 
exportation via Hamburg) ; Patre et Mabillat at Oneglia ; Socieb'i Ano- 
nima Estratti Tannici Darfo at Milan ; Fratelli Dufour at Geneva ; 
Societa Italiana di Estratti conciandi e colorandi at Villafranca Lun, 
near La Spezia. 

Spanish Factories . — Torrabadella fils at San Martin de Provensals, 
near Barcelona ; Bril las. Pagans y Ca. at Cebra, near Gerona. 

Corsican Tannin Factories. — From a visit to Corsica in July, 1904, 
made at the instance of an important factory of that country, the authors 
brought back certain particulars as to the situation and size of the 
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tannin factories of that department, from which, moreover they drew 
conclusions which fully confirm those of M. Donati on the deaffores 

tation of Corsica. The following are some data as to the four exist- 
ing factories : — 

I The factory of L. J Levinsteir. & Sons, of Berlin, is situated near 

the statmn of Casamozza (commune of Lucciana) and on the banks of 

the Golb, 22 kilometres from Bastia ; built in 1902 it produces in twenty- 
four hours about 20 tons of 25 ° extract. 

II. The factory De la Societe Corse, for the treatment of wood is 
situated near to the Golo and the station of Barchetta (commune of Vol- 
pajola), at ,30 kilometres from Bastia. This factory produces 18 tons 
of 2,5 extract in twenty-four hours. It is only 8 kilometres distant 
from the Casamozza factory. 

III. La Societe Anonyme de Champlan includes the Champlin 
factory itself (the old Serrieres de Lyon-Vaise factoiy), 8 kilometres 
from Folleli-Orezza, where the same company has just installed a 
second factory, which is 82 kilometres from Bastia. The joint production 
of these two foctories is 20 tons of 25^ extract per twenty-four hours. 

From the foregoing it will be seen that all the factories are near to 
one another, within a radius of less than 20 kilometres, say 124 miles. 
Their means of working, as far as a supply of wood is concerned, are 
therefore perfor(?e paralysed, and the competition engendered thereby 
causes the price of chestnut wood to be raised, so that it reaches 94 
francs the store of 460 kilogrammes, say at the most 20 francs (l6s.") 
the ton. These factories are all on the east coast of Corsica, a district 
where the chestnut grows, but also one which is dominated by malaria, 
especially in the low-lying marshy parts, which every now and then 
overcomes the working staff of these factories, which thus experience, 
hy that fact alone, a certain difficulty in recruiting the labour, which 
otherwise leaves much to be desired as regards the work done. This 
dangerous zone is, however, planted with eucalyptus, especially on the 
departmental railways passing through the above districts. From the 
total quantity of extract produced by these four factories it will be 
seen that the daily consumption of chestnut wood exceeds 850 tons, 
that is to say 210 tons more than in 1901, the year in which Donati 
announced that the deafforestation of Corscian chestnut trees would 
be complete in fifty years : according to the authors’ figures, it will be 
seen that the complete devastation of the chestnut forests will be ac- 
complished in a much shorter period of time, and which may be fixed 
within a few years only.^ The whole production of these factories is 


^ The authors learn that Corsican cleafforestation will soon force certain tannin 
factories to engage in the sugar industry, and already beet-root experiments liave 
been organised at Casamozza, near Bastia. 

16 



242 THE MANUFACTURE AND TESTING OF TAN WOOD EXTRACTS 

shipped from the port of Bastia, the Corsican consumption being nil as 
it possesses no tannery. 

Total French Production^ 1904. — The total production of extract in- 
cluding that of Corsica reached in 1904i about 10o,000 tons, represent- 
ing a value of about 26,000,000 francs (say £1,040,000). 



expressed in metric tons of 2,200 lb. and decimals thereof. 
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From the preceding figures and since 1900 it is easily seen that the 
(French) imports have only increased 37,000 francs, say 9,000 francs per 
annum, whilst the exports have increased by 3,673,000 francs (£146,920) 
or by 900,000 francs (£36,000) per annum, an increase which justifies 
moreover the impulse given to this eminently French industry. 



CHAPTER V 

METHOD OF USING CHESTNUT EXTRACTS IN TANNING 

The tanner ought always, unless he makes them himself, to strive to 
secure the best quality of the chestnut extracts offered to him, which 
should always contain at 25° B. a minimum of 28 per cent, of tanning sub- 
stances assimilable by the leather (analysed by tlie official method of 
the International Association of Leather Chemists), be soluble in water 
without more than ^ per cent, of insoluble and free from all trace of 
chemicals or other body foreign to tannin. The purified brands, clari- 
fied and rendered soluble by absolutely mechanical processes, that is to 
say those in which all the insoluble extractive matter is eliminated 
(which, in ordinary extracts, is precipitated as soon as water is added 
and forms a mud suspended in the solution), should be pteferred as giving 
the maximum yield in leather. This kind of extract, soluble in the 
cold state, is used for tanning heavy leather in the pit or large ox-hides 
for belting ; precise instructions will therefore be given as to its use in 
this special department of tanning farther on. The purified extracts, 
clarified by filtration of the liquor, according to the authors’ instructions, 
and with addition of borax, are especially adapted for semi-rapid or 
accelerated tanning and are ev^en used for tanning cow-hide, calf, 
sheep and goat skins, into which they enter as adjuncts to, rather than as 
substitutes for, oak bark. The advantages of this method are esteemed 
for economical reasons in regard to cost of the tanning material in the 
acceleration of the tanning and in the good yield. 

Use of Extracts for Tanning in the Pit. — The better qualities of extracts 
may be utilised with moderation in the first part of the work. How- 
ever, their use does not commence until the rehandling or the steeping 
in the pit. To use extract in the rehandling commence with pine bark 
liquor, then add each week a small quantity of 25° extract, gradu- 
ally increasing the strength from 15 tenths by the tannin indicator 
up to 25 or 30 tenths (2^° to 3° B.). If it be not desired to use the ex- 
tracts until after .steeping in the pit the skins are spread out in the usual 
way with good bark suitably ground so as not to make a mortar and to 

( 244 ) 
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enable the juice to circulate ; they are then drenched with a mixture of 
extracts and weak liquor. 

Method of PVorking.—Tiv&nch very liberally with liquor consisting 
of a mixture of extract and weak liquor taken from the liquor pits ; 
bring this mixture to 20 to 25 tenths on the tannin indicator for thJ 
first powder ; from 25 to 30 tenths for the second, and 30 to 35 tenths 
for the third, if three powders be given, as in the case of heavy leather 
or ox-hide for belting. Take care at the outset to fix a channel in 
the pit, by which the liquor can be drawn off when desired, either to 
replace it by other liquor or simply to displace it by pumping the pit 
on itself. After two, three or four months (give the powders every 
two months at the farthest) the pit is turned or dry piled, then the 
liquor is withdrawn by the pump, or in any other way, in proportion 
as the skins are lifted and run to the liquor pits. The spent tan 
is also carried there. It will consequently be seen that in a very 
short time the liquor pits have become very rich. Instead of having 
on the front pits liquor weighing at the most 10 tenths, as when 
bark is used alone, the liquor will very soon test 20 to 25 in the front 
pit, and in the tail pit, if the exhaustion has been done methodically, 
it will test 0 or very nearly so. What is to be done with this strong 
liquor.^ It can be used to form the bath in the handling which immedi- 
ately precedes the laying in the pit. This bath is formed at 20° or 25°, 
according to the strength of the liquor. In the preceding rehand- 
ling, or in the vat, if only one handling be done, the bath is formed 
with liquor from the second liquor pit, which will test l6 to 18 tenths, 
then in the following pits there will be liquor at 14, 12, 10, 8, 5, 
which will be used in the first vats ; the weakest liquors, when vatted, 
become stronger and stronger as the skins age in manufacture. By 
this method of working the pits an important economy in time may 
be realised, either because only two pits are given instead of three, 
or because the duration of each is abbreviated. By using 25° chest- 
nut extract, simply clarified for tanning, ordinary coloured leather is 
obtained ; by using clarified chestnut extract, rendered soluble, brighter 
coloured leathers are obtained. 

Tanning of Leather en crodte ”) to be Tanned and Dried but not 
Curned. — Extracts soluble in the cold are employed with barks titrat- 
ing 10 tenths (1° B.) to drench the pits, or for the initial bath (tan- 
ning by immersion), so as to increase the daily strength by 2 tenths 
ot a degree, by small additions of extract, so that in fifteen days a 
bath of 40 tenths (4° B.), which gradually penetrates and passes 
through the leather en cronfe, without either rendering it brittle or 
shrivelling it. The rapidity of tanning can evidently be accelerated 
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by using a heating coil in the bath in which warm water of 30° to 35° C. 
circulates. This mild heat facilitates the assimilation of the tannin by 
the leather, swelling the skin, and producing croutes, soft and pliant to 
the touch. The addition of extract to the tanning baths or pits thus 
produces white croutes of high yield, provided, however, that they be 
dried in the dark as far as possible. The manipulation of the croutes 
during tanning can only be guided by practice and the roi-tine of 
tanning adopted in each factory, the principles and the manner of 
working of which are different. 

Dissolving the Extracts . — It is of the greatest importance that the 
extract to be used in tanning be uniformly distributed throughout the 
liquor to which it is added, because the extract, however pure and 
however soluble it may be in the cold, may remain imperfectly dis- 
solved if the precautions incidental to its use be not taken. The 
tanner thus suffers a loss and irregularity occurs in the results of his 
operations. The extract ought always to be added to the upper sur- 
face of the water or liquor of the vessel or pit, and not to the bottom, 
that is to say, the extract is to be run into the liquor or juice slowly 
and not in a gush, taking care to stir constantly. The desired quantity 
of extract should never be discharged into the bottom of the reservoir 
or mixing vat, for water to be added subsequently on the top. It 
would be in vain to stir afterwards ; complete solutiqn would not be 
obtained. The best method of working is to heat in a vat to 30° to 
35° C. (86° to 95' F.) (or better, use condensed water) a quantity of 
water at least equal to that of the extract to be used ; then to pour 
the extract thereon, slowly stirring, as described above. This first solu- 
tion, which works very well owing to the favourable temperature, en- 
sures the perfect utilisation of the extract. 

History of Rapid Tanning. — The idea of rapid tanning has had 
admirers in all ages, and has been the object of many researches ; 
many tanners have dedicated thereto their knowledge, their time and 
their money. Without reckoning the well-known names of Seguin, of 
Knoderer, of Worms and Bale, there is not a tanner, we believe, who 
has not made experiments to reduce, more or less, the long time oc- 
cupied in tanning. Some Italian tanners in the time of the Italian 
wars tanned more or less rapidly, by using the tumbler” even at 
that early date. It must be added, however, that the leathers so 
tanned were accepted as meeting the urgent exigencies of the moment, 
and that slow tanning was perforce returned to as soon as urgent 
necessity had passed away! The system of Fratelli Durio (the famous 
tanners of Turin, who kindly enabled the authors to inspect their 
important and improved tannery during the Congress of Leather 
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Chemists) is certainly the result of a series of profound and rational 
researches on all which had been done previously, a new milestone 
placed after other milestones on the road of progress of rapid tanning, 
but it may be also asserted that it is to the initiative of these tanners 
themselves that the true theory of rapid tanning is due, and its 
definite adoption into actual practice. In 1881 they wished to buy 
the Italian rights of the Worms & Bale patent, based on electricity, 
and before entering into further negotiations, they desired to make 
inquiries on the industrial value of that process, but after some experi- 
ments, they concluded that the famous electric fluid exercised no in- 
fluence on tanning. Tliis patent did not, therefore, present any rational 
guarantee, even as regards the very incomplete results yielded by 
the said process. Moreover, it is well known that all the tanneries 
which tested it at the time had to give it up very soon, and the firm of 
Worms ik Bale itself had finally to resort to the system of Fratelli 
Durio, the principle of which was antecedent to their own, because 
in fact the so-called electric action on the leather was no other than 
the effect of the rotation or fall which took place in the fulling 
machines of the Turin tanners. It was, therefore, whilst pursuing ex- 
periments on extract and on the tumbler that Messrs. Jacques and 
Segondo Durio, in 1882, almost on the point of being disheartened, 
finally solved the question of rapid tanning at high strength : the old 
theory of time and tan had to disappear from that day. Their idea 
was contested in the tanning world ; then being forced to recognise its 
value, they tried to diminish it by attributing the invention to 
Knoderer (1850), asserting that if he had had extracts at his disposal, 
he would have tanned as well as Fratelli Durio. To make this asser- 
tion is not to know the tenor of Knoderer’s patent, which says that 
this inventor only used non-concentrated, therefore weak liquors, and 
that he, moreover, prescribed that the work should be done gradually, 
so as not to attack the skins too strongly at their exit from the river 
treatment. The system of Fratelli Durio is applicable to all sorts 
of skins and for all purposes ; sole leather (smooth), upper leather, 
belts, saddlery. Any desired shade may be obtained at will. The 
different types of leathers produced and asked for by customers in 
different countries are very easily matched. The tanning is perfect 
and compact, the flower always soft and fine, finally the specific gravity, 
tanning being more complete, is higher than in ordinary tanning. Like 
all patents, that of Fratelli Durio has had its improvers and its pro- 
fessors, who have hastily produced diff’erenUprocesses, by the addition 
of foreign matters to the extracts, or who have asked the tanners to 
work in vacuo or under pressure. They have all met the fate which 
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mifjlit be expected : they were still-born. Only the system of Fratelli 
Durio has continued to furnish to the whole world its indications of 
principle and simplicity, which have alone contributed to its success and 
which will impel its adoption by force of circumstance : other times, 
other manners. It is absolutely certain that if 20 per cent, of the 
tanners tanned with more rapid processes a consumption of extract 
would ensue, which would render it necessary to double the t^xtract 
factories. That would be a real revolution in the tannery and an 
evolution of the tannin industry, which, moreover, only seeks to develop 
itself farther, provided that it is possible to find in India, in Aus- 
trnlia, in Africa, in South America and in the United States various 
tanning materials capable of supplying it for an almost indefinite number 
of years. This appears quite possible when we reflect that the methodi- 
cal exploitation of different woods may be renewed at intervals, which 
would counteract the deaffbrestation already spoken of in France, in- 
cluding Corsica. 

Ultra-rapid Tanning. — Into a rotary wooden '^tumbler," such as is 
made by the tannery machine constructors, of 10,000 litres (2,200 gallons) 
capacity, mounted on a hollow spindle with wooden blades in the interior, 
and driven by an alternate motion with a speed of ten turns a minute, 
the skins to be tanned are introduced through a bronze manhole. In 
the case of small skins, the tannic liquor contains 3 percent, of tannin ; 
it is generally made by dissolving mixed chestnut and quebracho or 
mimosa extract in water ; for heavy leathers, the tannic liquor con- 
tains 5 to 8 per cent. To facilitate the penetration of the tannin into 
these heavy leathers they are first subjected to a radical treatment in 
river water, followed by a swelling bath, consisting of bark liquor, to 
which formic acid has been added in the proportion of 200 grammes 
per 100 kilogrammes of leather in bands. To neutralise the astrin- 
gency of the chestnut tannin, it is well to use along with this extract 
some quebracho or mimosa, in proportions which vary with the origin 
and the nature of the skins to be tanned. In all cases the tanning of 
heavy leathers may be accomplished in forty-eight or sixty hours, that of 
small skins in eighteen or twenty -four hours. Each fulling tumbler may 
tan about .50 tons of leather for belts or soles yearly; 12 to 15 square 
metres of surface space suffice for its installation. It requires 
2 h,-p. This process, which does away with the pits, tan mills, sheds 
and stitchers, with an expenditure of 18 to 2 kilogrammes of extract of 
25" per kilogramme of finished leather, gives a 55 per cent, yield, and 
the cost of tanning a kilogfamme of finished leather only amounts to 6 
franc (say 2^d.) per pound. In order that the skins may be regularly 
tanned the liquor must be maintained at constant density. This result 
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IS obtained by making a communication between one of the hollow 
spindles of the tumblers and an elevated reservoir in which the extracts 
are mixed with water. After some successive operations the liquor 
from the tumbler ought to be evacuated and clarified before being 
used again with new liquors. 



CHAPTER M 


MANUFACTURE AND USE OF OAK EXTRACT 

Oak Wood — Barks — Equipment and Plant of an Extract Eactory — Method 
of Manufacture according to Albert Thompson and Emile Bliiis Patent 

Oak Wood. — The oak {Quercus)^ the bark of which is the tanning 
material par excellence, supplies a wood containing 5 per cent, of tannin 
Hartig found that the young wood, cut in the beginning of May, contains 
from 4- to 7 percent, of tannin, whilst in winter this rises to 10 per cent, 
of the dry" matter. The same author found, in the heart-wood of oak 1 60 
years old, 12 to 14 per cent, of tannin. The percentage of tannin in the 
wood is maintained if, after felling, the wood is barked and sawn up ; 
after several months the unbarked wood diminishes in strength, from 
the centre to the circumference. The alburnum contains little tannin ; 
the lower parts of the tree contain the most. According to the experi- 
ments of Professor Henry of the French National School of Forestry, 
the following conclusions may be drawn : (l) The percentage of tannin 
progressively diminislies both in the bark and in the wood from the 
bottom to the top of the trunk, at least in the case of Quercus robur. 
(2) On a cross section it is always the alburnum which contains the 
least, generally from 1 to 3 per cent., then suddenly the tannin attains 
its maximum development in the peripheric layers of the duramen (6 
to 10 per cent, in the oak, 1.3 to 15 per cent, in the chestnut), and 
continues to diminish, more or less regularly, to the centre. The large 
branches behave like the trunk. (S) Everything else being equal, the 
wood of an oak or a chestnut will be richer in tannin as its chne is 
more ample, more isolated, better illuminated, or in other words as its 
annual layers are wider. (4) A circular slice, exposed for a year to the 
weather, loses three-fourths of its tannin in its bark and alburnum, 
the half only of that in the wood. This difference is explained by the 
fact, that in the bark aixl in the alburnum the tannin is dissolved 
in the lumen [albumen.^] of the cells, whilst in the duramen it impreg- 
nates the walls of all the tissues so intimately that a series of macera- 

f'lbO) 
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tions on the water bath, followed by several pressings, is necessary to 
extract it. (5) It has been demonstrated that under the action of 
oxygen or of fungi such as the polyporus sulphurem el igniarius, which 
induce first a red rot, the second a white rot in oak, the wood loses its 
tannin, whilst it preserves indefinitely a notable proportion of this 
principle, so unstable, however, when these two causes of decay are 
eliminai^ed. An enormous oak trunk of the quaternary epoch em- 
bedded in the soil of Nancy still contained 2*36 per cent, of tannin. 

Varieties.— Only the principal species yielding the different barks 
used in tanning or in the tannin industry, Qiiercus robur, Quercus pedim- 
culataj Quercus ilex, Quercus rubra, will be described. The evergreen oak 
{Quercus ilex L.), the bark of which is used for tanning light leathers. 
The white oak {Quercus sessitijior Smith) and its tropical variety Quercus 
pubesceus, the bark of which is specially used for tanning heavy sole 
leather. This bark gives a yield of 28 per cent, of 25° extract. It 
therefore takes 350 kilogrammes of this bark to produce 100 kilo- 
grammes of 25° extract. The zeen oak {Quercus mirbechu Duvieux). 
The kermes oak {Quercus coccifera L.), the roots of which yield la 
garouille which is used in tanning heavy leathers intended for belts. 
The cork oak {Quercus suber L.) {Quercus occidentalis Gay, in the 
Landes). 

Percentage Strength of Tannin in some Varieties. — White oak of La 
Drome (Puygiron, near Monte Limar). These oaks of twenty to twenty- 
five years old, only beginning to form perfect wood or duramen, give 
the following percentages of tannin in different organs on analysis 
(see A in following table) : — 


Table XXV, — Disteibution of Taxxix ix Diffeeext Parts of the Wood of 
Differf.xt Varieties of the Oak 



A. 

B. 

c. 

i Bark dried at 100° C. . 

i 10-8 

8-53 

7-74 

Alburnum external 

i 2-*2 

l-Oo 

1-98 

„ internal 

1-7 

3-18 

1-74 

Duramen external 


15-60 

9-68 

„ internal 


11-08 

5-87 

B, chene (oak) tauzin d’ Angers ; C, chcne (oak) tauzin de Mauleon. 


The percentage of tannin in the bark, whether of white oak or of 
evergreen oak, always varies essentially with the source, but there is 
an especially propitious moment for collecting it, which affects this 
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percentage, i.e., as soon as it is packed in bags it must be protected 
from rain and intemperate weather which prevails during its collection. 
Tanners are especially interested in selecting this propitious moment 
for receiving their annual stocks of different barks. 

yiamifactiire of Ealract . — Oak extract is manufactured in the same 
way as chestnut extract, except that the maceration of the chips 
in open vats is obligatory, and their clarification should be pushed to 
the extremity, owing to the more intense dark colour of the liquors. 
In France this manufacture is of little importance, looking to the 
small number of hectares at disposal for this exploitation, and especi- 
ally to the poor yield of this wood, which does not exceed in a factory, 
working according to the latest improvements, 14- per cent. Certain 
factories use the top branches of oak which barely yield 7 per cent, 
w'ith a 25^ extract containing 22 to 25 per cent, of tannin. Other 
manufacturers only use for the manufacture of oak extract the blocks 
and the large branches of unbarked oak, of about cm. in diameter, 
or the trunk split into logs of 50 to 60 kilogrammes (110 to 132 lb.). 
There is no profit in extracting the tannin from branches of 2 to 3 
cm. in diameter, because, in the first place, they are too poor in that 
principle (2*2 to 2*5 per cent, of tannin), and in the second place, 
because they have an appreciable value as wood for charcoal. The 
twigs contain 4*7 to 6 6 per cent, of tannin. It would therefore be 
desirable for a wood distillery situated near cheap transport routes 
(canals) to add an extract factory, which would utilise, for its purposes, 
the oak brushwood, the value of which would enable the proprietors 
to realise a great economy on the purchase of their raw materials. 
Oak extract, employed in tanning as an adjunct, imparts to the 
leather a similar colour to that of bark-tanned leather ; moreover, it 
may be used in larger proportion than chestnut extract, because it 
contains a host of products which have the most beneficial effect on 
the suppleness or pliancy of the leather (amylaceous, mucilaginous 
matter, etc.), which enable it to be used, not only in the tanning of 
sole leather (for which it is moreover employed) but also in the tan- 
ning of leather for uppers and other light leathers. The cost of oak 
extract, being about 20 francs per 100 kilogrammes (8s. per cwt.), it 
will be seen that its sale is, consequently, very limited. Thus the 
authors only know of two factories actually making pure oak extract. 
The Hungarian and Russian extracts reach France at a more rational 
price. As a brand of pure oak extract, the authors would quote that 
made by the oak extract company of Russia, whose works are situated 
at Kurenewka, near to Kieff. That factory, which dates from 1.902, 
produces annually 6,000 tons of liquid extract guaranteed to contain 
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27 per cent, of assimilable tannin. The average composition of these 
extracts is as follows : — 


Table XXVL— Showing the Composition of Russian Brand of Pure Oak 

Extract 


Soluble tannin matter . 
Non-Tfcannins . 

Water .... 
Insoluble 


Per cent. 
3-07 
10-9 
■58 

0-4 = 100 ’ 


Degree Beaume at 18° C., 25-8. The authors may also quote as a 
genuine oak extract that manufactured by Miller’s Standard Extract 
Co. at their Slavonia factory (exported through Fiume). 

Plant and FAjuipmeni of an Oak Extract Fe/dor?/.— The following is a 
specification for a factory of this nature, the basis of production of 
which is metric tons of 2,5’" extract, and which works according to a 
patent described farther on. Two boilers with a heating surface of 140 
square metres, gauged to six atmospheres ; one Laboulais horizontal 
motor of 85 h.-p., 90 revolutions ; one horizontal motor of 10 h.-p., 200 
revolutions; one dynamo 110 volts, 30 amperes; table for distribut- 
ing the electric light installation, comprising two arc lamps and thirty- 
eight lamps of 1 6 candle-power ; belts; transmission shafting ; pulleys; 
plummer blocks^^, gearing; lubricators; one cutter, 20 tons output ; one 
cutter, 30 tons output ; one cup elevator ; eight vats for wood diffusion, 
each of 9,000 litres (1,980 gallons) capacity ; nine vats for various man- 
ipulations of the liquor of 10,000, 4,000 and 2,000 litres (2,200, 880 
and 440 gallons) capacity ; one filter press, Lumpp system ; two filter 
presses with pumps and their respective motors, Johnsons system; two 
sets of copper concentration plant, Gouyer's system, of 70 square metres 
of heating surface ; one copper vat of 1,200 litres (264 gallons) capacity 
for the prejiaration of decolorisers ; one wrought-iron hot water tank of 
7,300 litres (1,606 gallons) capacity; one Lawrence copper refrigerat- 
ing system ; three wooden vats ; one condensation pump, 25 cm. (25 
tons) capacity per hour ; one elevation pump, 25 cm. capacity per hour ; 
one feed pump, 3,000 litres (660 gallons) capacity per hour ; one cen- 
trifugal pump, 6,000 litres capacity per hour ; one air pump and con- 
denser, Worthington system ; two sandstone grinding stones on cast- 
iron foundation for sharpening the cutters ; one emery grinding stone 
on cast-iron foundation ; iron, copper, and lead piping ; copper taps 
and fittings ; 300 metres of Decauville rails with six turn-tables, points ; 
four tilting trucks with skips ; three wood waggons ; one wood barge of 
1 5 tons ; one Decauville crane on wooden staging for discharging 
vessels; one weighing machine of 10 metric tons load. 
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The following is given in extenso as a matter of curiosity. Des- 
criptive Memoir Lodged in Support of the Application for a Fi fteen Years’ 
Patent for Improvements in the Manufacture of Tannic Liquors by Albert 
Thompson and Emile Blin. The invention, which is the subject of the 
present application, relates to the manufacture of tanning liquors used 
in the tanning of skins for the preparation of leather. 

The tanning liquors, generally obtained by diffusion in boilidg water 
of certain woods rich in tannin, previously crushed to facilitate the ex-, 
traction of the tannic principles which they contain, are commonly with- 
drawn from the diffusion vats when they reach 3° to 4° Beaume. These 
liquors are then clarified by means of substances amongst which acids 
(sulphuric acid,, oxalic acid, etc.) intervene so as to precipitate or de- 
stroy the salts and coloured organic matter which they contain. This 
clarification effected, the liquors are then filtered to free them from 
the deposits induced by clarification, then they are finally concentrated 
in evaporation plant up to a density of 20'’, 25°, 30° Beaume and more, 
according to the requirements of consumers. The tannic liquors, 
treated in this way by acids, always remain acid, and are impoverished 
in very appreciable proportion of their useful principles. Moreover, 
the oleaginous products employed in the majority of acid processes, 
to attenuate the destructive effect of these acids and to reimpart to 
the tannic liquors the velvety lustre which the latter 'remove, present 
many disadvantages, especially those which consist in forming spots, 
and in falsifying the density of the tannic liquor properly so called. 
Finally, the decolorisation of the tannic liquors, limited perforce by the 
loss of useful principles, due to the adoption of acid processes, has not 
as yet allowed tannic extracts of certain categories to be utilised, hence 
for the working of very light and very pale leathers there are not to 
be found at the present time tannic liquors sufficiently decolorised and 
of sufficient strength to be used for that kind of work. In our inven- 
tion the tannic liquors, always obtained by diffusion, are clarified and 
decolorised without the use of acid or oleaginous product, and contain 
in proportion more utilisable principles than the tannic liquors treated 
by acid processes. They are neither acid, nor do they cause spots, 
and they contain no body capable of altering the natural density. 
Moreover, as great a decolorisation as consumers can desire is obtained 
by our process, and that without appreciably diminishing the percent- 
age of useful principles. They possess indisputable qualities from the 
point of view of tanning leather. All these results being obtained 
without destroying the natural velvety lustre of the tannic liquors and 
without resource to the use of acids. Our invention rests on the fol- 
lowing researches : mineral acids, sulphuric acid, for example, precipi- 
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tate lime salts, and destroy certain organic principles present in the 
tannic liquors, and thus decolorise them. But these acids have a 
deadly effect on the tannin, and cause its energetic oxidation, especi- 
ally when warm, and an appreciable quantity of tannic acid is trans- 
formed by concentration into gallic acid. Now it must not be for- 
gotten that the products of oxidation of physiological tannin neither 
precipit^e gelatine nor albumen. They are therefore useless. On the 
other hand, they give black colorations with salts of copper and salts 
of iron, and are therefore injurious. A series of methodical researches 
has caused us to resort to the use of vegetable alkaloids, preferably the 
vegetable bases naturally contained in quinquinas, quinine, quinidine, 
cinchonine, cinchonidine and their isomers or derivatives. We use 
either one of the alkaloids separately, or a mixture of two or more 
bases as need be. (1) These bases, free or in the condition of salts, 
are precipitated by pure physiological tannin, and the precipitate of 
tannate is soluble in an excess of tannin or organic acid. (2) In 
tannic liquors the precipitates formed by these bases, or their salts 
do not redissolve in an excess of liquor. It was, therefore, to be fore- 
seen that decolorisation, produced by this method, would precipitate 
but very little pure tannin. Experience fully confirmed the fact, 
and our liquors are much more rich in tannin material than those 
clarified by oth(W’ processes. Besides they are in no way damaged by 
the decolorisation, and retain their natural velvety lustre, so much 
sought after by tanners. Finally, the greater part of the vegetable 
alkaloids being found in the deposit from the clarification, we recover 
them by one of the processes used in the extraction of quinquina. We 
applied the following process : The drained precipitate is treated warm 
by water acidulated to the extent of 5 parts in 1 ,000 by hydrochloric acid. 
The liquor is filtered and treated by milk of lime, gauged in the propor- 
tion of 10 grammes of quicklime per litre of hydrochloric liquor. The 
alkaloids are precipitated by the excess of lime. The precipitate is 
collected, Wiished with cold water, then treated by a slight excess of 
water acidulated by sulphuric acid. The acid liquor containing the 
alkaloids is filtered, decolorised warm by animal black, again filtered and 
neutralised by quinine or one of the other alkaloids precipitated by car- 
bonate of soda in a portion of the liquor. It only remains to titrate the 
solution obtained. It is to be understood that we reserve the right of 
applying such process of extraction as we may desire, having only 
pointed out the above process to show the economy of our invention 
from a commercial point of view. 

Method o f Working . — The humic liquor as it comes from the diffusion 
vat has a density varying commercially from S° to Beaume. (The 
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strength is obtained naturally as desired.) It is allowed to cool to the 
surrounding temperature ; when cool an aqueous solution of the al- 
kaloidal salts of quinquina or of these pure alkaloids, as occasion may 
require, is run into the tannic liquor, stirring energetically for a few 
minutes (five minutes suffice).' The salts of the alkaloids enter into this 
operation in the proportion of 1 , 2 or 3 kilogrammes per metric ton of 
extract brought to 20° Beaume, according to the decolorisation which it 
is desired to obtain. It is evident that less or greater quantities than 
those indicated may be used according to the result which it is desired 
to obtain. Under the action of these alkaloids the coloured or ex- 
traneous matters in the tannin, as well as a certain quantity of the latter, 
are precipitated along with the alkaloids, etc., leaving the liquor with 
its varnished appearance, so much sought after by consumers. We 
ought to say that the same results are obtained, whatever the tempera- 
ture. But as warm working operates much more slowly, this method 
appears to us economically less practical, and that is why we have 
preferably indicated cold treatment in the first place, which is more 
rapid the lower the temperature. We may recall that in our process 
no dangerous caustic or poisonous substance is used and that we cause 
the greater part of the alkaloids used to re-enter into the manufacture. 

Resume . — Summing up, we claim as our invention and our exclusive 
property: (1) The process which consists in using quinine alkaloids, 
either mixed or separately, for the clarification and decolorisation of 
tannic liquors obtained by diffusion. The said alkaloids pure or in 
the state of saline combination used in proportion varying with the 
decolorisation which it is desired to obtain, but in sufficient quantity^ 
according to us, in a maximum proportion of I kilogrammes per metric 
ton of liquor brought to 20" Beaume. This proportion enabling almost 
white tannic extracts to be obtained and used indifferently, hot or cold, 
without distinction of degree of temperature, the said process having 
for its object the precipitation without the aid of an acid of the coloured 
or foreign substances which may exist in tannic liquors, whilst at the 
same time preserving to these latter, without the aid of any oleaginous 
or other greasy body, the vamish-like appearance which it ought to have 
for consumption and which it naturally possesses. (2) As a new com- 
mercial product the tannic liquor presenting the following characteristics : 
free from acid exempt from any oleaginous or greasy body, preserving 
naturally its velvety and varnish-like appearance, possessing, notwith- 
standing its decolorisation having been pushed to an extreme point, a 
percentage of tannin higher than that obtained with acid processes, the 
said product enabling the tanning of skins to be effected under better 
conditions and extending its use to certain classes of leather up to now 
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deprived of this style of tanning. Moreover, this tannic liquor possesses 
as an essential quality the characteristic that it is less sensitive to the 
oxidising influences of the air than that obtained by acid processes, which 
always contain gallic acid destitute of tanning power, neither precipitat- 
ing gelatine nor albumen, and injurious because they give dark colora- 
tions with metallic salts. 

For Thompson and Blin, 
(Signed) Armengaud aine. 

Seen to be annexed to the patent of fifteen years taken 28tli July, 
1^99, by Thompson and Blin. Paris, 13th November, 1899- 
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CHAPTER VII 

MANUFACTURE AND USE OF QUEBRACHO EXTRACT 

Quebracho JVood. Generalities. — Quebracho (Aspidospenuiim ipie- 
bracho) is a tree of the family of Apocynaceae growing in the Argen- 
tine Republic, TJruguay, Brazil, Guiana, but it is especially in Paraguay 
where its exploitation is at present earned on (several factories have 
been installed there since 190-)? as well as in the Argentine Republic 
to the north of Santa Fe, on the Rio Parana, and at Vera, which is 2o0 
kilometres from Santa Fe, where there are important exploitations of 
quebracho Colorado for the manufacture of dry extracts on the spot. 
Its importation into France dates from It is a very durable, 

hard, red wood of average elasticity, even slightly brittle. Its density 
is 1’250. There are two varieties of quebracho, Colorado and blancho 
(red and white) ; the quebracho Colorado contains lb to 19 per cent, of 
tannin and the quebracho blancho from 12 to 13 percent. On analysis 
it yields : — 

Table XXVII. — Shuwino the Fkoximatk C.)Mi'usrri<>N' he Qi'eubacho Wood 

Per cent. 

Wat-r 14 

Tannin calculated as dry matter 20 

lixtractive matter .......... 10 

Woody tibre ........... oo 

Quebracho contains, beside extractive matters, colouring principles 
difficult to eliminate, and whicb have greatly hindered its use, because 
they impart to the leather an unpleasant red colour, but which at the 
present day are removed by chemical treatment which clarifies and 
decolorises them. The bark of the wood does not tan leather ; it only 
contains 1 .35 to 2 25 per cent, of tannin (Villon). This bark has often 
been confused with that from the curupay (Acacia enrupp). Other 
woods resemble quebracho in hardness and in appearance, but do not 
contain tannin. The tan wood called tanho (Aspidospenuiim chiirneiim} 
contains 7 per cent, of tannin ; the peroba (A. peroba) 5 per cent., 
the peyma amarella (A. sessifflora) 10 per cent., the fever bark 4 j)er 
cent. 


( 258 ) 
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Manufacture. — Quebracho extract is made in the same way as 
chestnut or oak extracts. The wood is cut into chips^ then macerated 
in wooden vats in the open air or in autoclaves. The quebracho liquors 
so obtained are clarified and concentrited by triple effect to 25° or 30° 
B. or evaporated to dryness. In normal manufacture, and according to 
the kind of quebracho wood treated, the yield in 25° extract is from 
38 to 45. per cent, of the wood treated. The disadvantage under 
which the French manufacturers of this extract are now working at 
the present time as compared with the tropical countries will be under- 
stood, especially since the South American factories work normally, if 
we bear in mind that the average price per ton of quebracho wood 
at Havre fluctuates between 115 and 117 francs (£4 12s. to £4 13s. 7d.) 
delivered (constantly rising). If there be added to the cost of the raw 
materials to manufacture 100 kilogrammes of extract at 25° (it takes 
250 kilogrammes of wood) a minimum of 5 francs for working ex- 
penses, special allowance being made for the difficulty of cutting and 
handling that wood, it will be seen that there is no advantage in 
manufacturing quebracho extract in France, and that tanners w'ould do 
better to purchase for their use dry Argentine extract or some other 
brand, and to prepare for themselves a liquid 25" extract with a net 
profit of 4 francs per 100 kilogrammes. The cost price of French 
manufacturers cannot be materially lowered, whilst that of the. tropical 
extractors will undoubtedly fall through over-production. Besides, the 
purity and the percentage of tannin in these South American extracts 
are now well known. It will suffice to give here the composition of 
known brands. 


Tablk XXVIII. — Showing the Peucent.vge Composition of Quebr.\cho ^YooI> 

E XTB.VCT 


‘ A. B. C. i D. E. 


Per cent. Per cent. Per cent. Per cent. Per cent. 

Tannin matter . 

04-3 Oh-OO t>4-8 45-65 31*4 

Non-tannins 

1(74 5-05 y-4 

Water .... 

13-5 13T2 17-7 46-70 o6-0 

Insoluble .... 

16-7 7-68 IT 2-60 3-2 

Total . 

100-0 100-00 ! 100-0 100-00 i 100-0 

i 1 i 1 


A, Hiirteneck Hermanos of Buenos .\yres; B, Casada ; C, G. B. M. decolorised; D, 
Pasty extract decolorised ; E, .Average composition of liquid 26 ^ extract of 4 reach 
manufacture. 


The authors have made numerous tests w.th 25 quebracho extract, 
using dry extracts of South Americaii origin, using the same amount 
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of alkaline sulphites as that indicated by the composition of a 25° 
French extract. They have practically demonstrated that 100 kilo- 
grammes of dry extract yield a minimum of 225 kilogrammes of 25° 
extract^ completely soluble in the cold and quite assimilable by the 
leather^ whilst yielding quite as pretty a tint as any decolorised. 

Resit !ls of the Authors' Sulphitation Krperi?ne/its . — The following are 
the results obtained by simply varying the proportion of alkqline sul- 
phites used per 100 kilogrammes of 25° extract : — 


Table XXIX. — Showing Pesults of Exi'ebiment.s on the Sulphitation 
Qukbbacho E xtuact 


.Sulphite per cent. 

11. 

13. 

1.'., 

IS. 

o to 20. 

Tannin matter ..... 

.TS-2 

H7-8 : 

50-0 

34-8 

1 

32-0 1 

Non-tannins 

(‘)-2 

0-4 

7-8 

8-2 

10-0 ! 

Water ....... 


' 55-8 

57-0 

57-0 

57-4 i 

Insoluble 

0-0 

1 0-0 

0-0 

0-0 

0-0 : 

Total .... 

100-0 

100-0 

100-0 

100-0 

100-0 ! 

Total soluble j)er cent. . 

44-4 

44-2 

44-4 

43-0 

42-0 1 

Yield per cent, in 25^ extract . 

180-0 

185-0 

200-0 

204-0 

210-0 

It will be seen that the percentage of 

soluble ’ 

' does 

not vary more 


than 2 per cent, from one experiment to another, aiid that in spite of 
the increase in the addition of sulphite, only the percentage of tannin 
decreases. The tanner, therefore, has no interest in an extract sul- 
phited in the ratio of 20 to 25 per cent., but rather in an extract sul- 
phited to a minimum extent, i.e., containing a maximum of soluble 
tannin. Now, as that sulphited to the extent of 1 1 per cent, contains 
no insoluble, its use is quite demonstrated in good tanning, which 
should exclude a large quantity of sulphites, as being liable to injure 
the quality of the leather, owing to the difficulty in eliminating it. 
Moreover, 25° quebracho extract, sulphited only to the extent of 5 per 
cent., produces leathers with a greater yield than those tanned with 
extracts sulphited to a greater extent, wliilst still retaining much greater 
suppleness (pliancj). This chiss of extract is made directly in a single 
vessel (Fig. 8S), by running in the dry extract^ all at once, and the 
right amount of water ; the mass is then heated for some hours, after 
which the corresponding amount of 25° extract {premier jet) and per- 
fectly soluble in the cold is run off. 

’ There are now on the foreign (to France) market brands of soluble quebracho 
containing only about 5 per cent, (ideal) of .sulphite and sufticiently decolorised to be 
used directly in the tannery. 
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o. hfteen years for a << Process of converting dyewood and tanning exl 
tac s .nto new products of greater industrial value by the action of the 
bisulplntes sulphites, and hydrosulphites of soda potash,” etc. Applica- 
tion mule by La Societc Lepetit, Dollfus et Gansser. ^ 

Mc,mn„ulm„.~0( late years the action of alkaline 
sulphites mi bodies of the aromatic series has been repeatedly investi- 
I examples the German patents 56,058 and 76 458 

of Fischesser (Wagner's JaM,. der Chcmhchen Industrie, 1895 p. 60 ‘^) 
the German patents 86,097 of 1 8th February, ,895 ; an application for 
patent of the Farbwerke Hoschsteii, 1895, according to which a reac- 
t.on, previously investigated by Pi.ia, is applied (Liebig’s Men, y., 

I , p. o VIZ., the action of sulphites on nitro-naphthalene. We have 
investigated the action of sulphites and bisulphites on dyewood extracts, 
e.g., yellow wood, fustic, quercitron extracts and on tannin e.xtracts, e.g.’ 
sumac, quebraclio, chestnut, gambier, etc., and we have found’ that 
under certain conditions new products are formed, which differ essenti- 
ally trorn those employed as raw material and are of great commercial 
va ue. hese new products and their manufacture are the object of 
t le present application for patent, and we explain our process by the 
following examples : — 


Example I. Preparatiun of a Sew Colouring Substance b,/ the Action 
of Bisulphite of Soda on Yellow Wood Extract. ~\Ve heat in an autoclave 

C., for eight hours, 300 kilogrammes 
ot .8^ yellow wood extract and 100 kilogrammes of sodium bisulphite 
o So I?. ; the yellow extract is tb.en converted into a pale yellow, very 
dense mass, which has the appearance of pure murin ; it consists of micro- 
scop.c needles, difficultly soluble even in hot water and representing 
an addition product similar to the addition compounds which aldehydes 
give with bisulphites. Acids easily liberate sulphurous acid from it, but 
do not, however, regenerate yellow extr.ict with all its properties. The 
product so obtained, used such as it is, or neutralised by carbonate of 
soda, or well purified by rvashing with cold water, dyes cotton and wool 
on mordants, imparting thereto much brighter, deeper ami more pure 

tints than Cuba extracts ; it gives pure yellow tones on alumina in calico 
priiit'ng. 


Erample II. Preparalion of a New Colouring Sub.slanee hi/ the .E lion 
oj Bisidphile of Soda on Fustic K.vtrnc<.— We heat in an autoclave, at a 
temperature of ITo"" to 150° C., for eight lioursy 300 kilogrammes of 28° B. 
fustic extract and 100 kilogrammes of bisulphite of soda of 35'^ B. 
TJie fustic extract is converted into a dense mass of a very pale, greyish 
yellow, almost white when dry, very slightly soluble in hot water, 
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soluble to a fine bright yellow in alkalis. The product differs from the 
fustic extract used^ in the same way as the derivative of the yellow wood 
extract differs from the extract itself, i.e., it yields on wool and cotton 
dyeing it on mordants much purer and much brighter tints. 

Example III. Conversion o f (Quercitron Extract into an Easy Soluble 
Dye of Greater Intensity. — We heat in an autoclave, to a temperature of 
about 150° C., from six to eight hours, .SOO kilogrammes of 25"' B. quer- 
citron extiact and 100 kilogrammes of bisulphite of soda of 35° B. The 
product obtained differs from the pure quercitron used, in so far that 
it dissolves with the greatest facility in cold water, a very desirable 
property in calico printing, and by the fact that it possesses a much 
more intensive colouring power. The action of the bisulphite, in this 
example, has a certain analogy with the action of dilute acids on 
quercitron extract, so as to decompose them into sugar and colouring 
principles, but the decomposition of glucoside by boiling dilute acids 
being accompanied by the formation of secondary bodies, the product 
so obtained has not the purity of tone which can be obtained by 
means of bisulphite. 

Example If \ Conversion o f (Quebracho Extracts, generally Imperfectly 
Soluble in fVater, into a Tannin Extract Completely Soluble in Cold Water. 
— (a) We heat in an autoclave, for six hours, at 110° to 150° C., 300 
kilogrammes of quebracho extract of 25° B., and 80 kilogrammes of 
bisulphite of soda of 35° B. 

(/;) We heat in a jacketed pan, fitted with an agitator and heated 
by steam of one and a half to three atmospheres, for eight to ten hours, 
with constant agitation, 300 kilogrammes of quebracho extract and 100 
kilogrammes of bisulphite of soda, or of neutral sulphite of soda of 
30 B., or 130 kilogrammes of hydrosulphite of soda of 20° B. 

(c) Instead of converting quebracho extract into a soluble product, 
the latter may be obtained directly by extracting quebracho wood, 
with or without pressure, adding for every 100 kilogrammes of wood 
12 to 15 kilogrammes of bisulphite or sulphite of soda to the water 
used to extract the wood. The extract obtained according to (pi), (b), 
(c) presents the same properties : it is more fluid than the present 
commercial quebraclio extracts, dissolves easily in cold water without 
producing any insoluble deposit, it tans skin rapidly and imparts to it 
slightly rose tints, recalling those produced by mimosa bark, so highly 
prized by connoisseurs ; moreover, the leather has a remarkable supj)le- 
ness (pliancy) which is not obtained with ordinary quebracho. Natur- 
ally the time, the temperature and the proportions given in the pre- 
sent application for patent vary within rather wide limits. Instead of 
bisulphite of soda those of ammonia and potash may be used. The 
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application to Persian berries, wood, hemlock, catechu, pigoii, etc., is 
the same as that described in the examples quoted. Summing up, 
we claim as our exclusive property: (1) The process consisting in 
heating dyewood extracts or extracts for tanneries, such as yellow wood, 
fustic, quercitron, quebracho, hemlock, chestnut, etc., ^tracts, with 
sulphurous acid, alkaline bisulphites, sulphites and hydrosulphites, in 
an autoclave to temperatures higher than 100'' C. or in the open air. 
(2) The products obtained by this process. (3) The application of 
these products to dyeing and calico printing and tanning or to the 
preparation of new dyes. 

Copy of Ih'J Certi/icate of Addition to the Patent foi' Fifteen Yean-, 20th 
April, 18.96, No. 2.5.5,6.98, for ‘^A process of converting dyewood and 
tannin extracts into new products of greater commercial value, by the 
action of the bisulphites, sulphites or hydrosulphites of soda, potash,” 
etc. Application made by La Societe Lepetit, Dollfus et Gansser. 

Descriptive Monorandion. — In our chief patent of 20th April, 1896, 
No. 255,698, we described the preparation of new tinctorial products, 
bisulphite compounds of the colouring principles of yellow wood and 
fustic, and also the conversion of ordinary quebracho, hemlock and 
pine extracts, soluble with difficulty in the cold, into easily soluble 
extracts, and we mentioned the altogether special importance of this 
slightly soluble extract for the different purposes of rapid tanning. 
In continuing our experiments on the preparation of these extracts, we 
have found that they are rendered soluble by the fact that in heating 
quebracho and hemlock extracts with bisulphites and sulphites for a 
somewhat long time, a portion of the sulphurous acid being expelled, 
neutral sulphites with an alkaline reaction are formed, which facilitate 
the solution of the resinous principles of the extracts. The excess of 
sulphurous acid in contact with the extract during the period of 
treatment prevents any oxidation, and induces at the same time a 
certain decolorisation of the extract, owing to its reducing action. We 
have found that soluble extracts are also obtained when alkaline bi- 
sulphites, sulphites or hydrosulphites are wholly or partially replaced 
by some alkaline salts of sodium, potassium or ammonium, such as 
borates, carbonates, bicarbonates, phosphates, lactates, or sulphides, or 
hydroxides of sodium, potassium or ammonium. It is always necessary 
to render the extracts soluble by working in the hot condition. But 
the operation is a very short one ( stead of lasting seven to eight 
hours in the conditions described in our cirief patent), and requires a 
smaller quantity of added products for the conversion into soluble 
extracts. It is always advisable to add to the products, which render 
the extracts soluble, a certain quantity of reducing substances, such as 
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sulphites, bisulphites, hydrosulphites or sulphides, so as to prevent any 
oxidation ; but such procedure is not absolutely necessary. 

Example. — {a) 1,000 kilogrammes of 26° B. quebracho extract are 
heated in a steam-jacketed pan fitted with an agitator up to 90° or 
100° C., and ammonia, diluted with its own weight of water (it takes 
about 76 kilogrammes), added gradually, with or without decomposi- 
tion of sulphite of soda ; the stirring is continued until a sample of 
the mass dissolves in much cold water to yield an almost limpid solu- 
tion, i.e., only depositing after some time a slight flocculent precipitate, 
because it is found preferable not to push the conversion too far. 

{b) 1,000 kilogrammes of 26° B. quebracho extract are similarly 
treated with 75 kilogrammes of caustic soda of 10° B. and 20 kilo- 
grammes of sulphate of soda of 30° B. 

(c) 1,000 kilogrammes of quebracho extract are heated in a rather 
large pan to 95° to 100° C., and 80 kilogrammes of soda crystals dis- 
solved in 100 litres of hot water, added gradually with agitation, or 
an equivalent quantity of potash or bicarbonate of soda, or potash or 
ammonia, regulating the temperature and the addition of the alkaline 
solution, so that the mass does not prime; it is eontinued until a sample 
exhibits the solubility described in (a). 

Summing up, we purpose to annex to our chief patent, and claim as 
our absolute and exclusive property : — 

I. {a) The conversion of tannin extracts soluble with difficulty in 
cold water, such as quebracho, hemlock and pine extracts, into pro- 
ducts more easily soluble, by means of appropriate hot treatment, by 
the hydroxides, sulphides or salts with an alkaline reaction of sodium, 
potassium or ammonium, in the presence or absence of bisulphites, sul- 
phites or hydrosulphites. 

(5) The prepiration of soluble extracts, consisting in extracting 
quebracho wood or hemlock or European pine bark with water con- 
taining thi products enumerated in [a). 

(c) The processes described in (a) and {h) applied to mixtures contain- 
ing other tannin matters, beyond those enumer ited in {a) and [b). 

II. The application of easily soluble extracts in tanning, alone or in 
admixture. 

III. The products obtained according to I. [a), (5), (c). 

Method of Application in Tanneries, — The solution of quebracho ex- 
tract (only those soluble in the c dd are meant) ought always to be 
carried out, as has been described, in regard to chestnut extract, i.e,, 
run the extract into the water, preferably at 35° to 10° C., or into the 
bark liquor intended for tanning. 
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Tanning of Sheep Skniw — It requires about 4 kilogrammes of que- 
bracho tannin to tan twelve finished sheep skins of 8 kilogrammes. 
This quantity of skins is laid in a vat containing 50 to 60 litres (11 
to 1,3’2 gallons) of weak bark liquor, to which there are added : — 

Table XXX. — Snowixa the Pkogbessive Daily Strengthening of Weak Bark 
Liquor in the Tanning of Sheep Skins by Quebracho Extjiact 


First day, morning, first addition 

800 grammes of tannin 

„ „ two hours after, second addition 

800 

,, 

Second day, morning, first addidon . 

800 

,, 

„ ,, two hours after, second addition . 

800 

,, 

Third d iy, one addition . . . . . 

800 

,, 


4,000 

,, 


The skins ought to remain in contact with the bath liquor three_,or 
four days, then withdrawn, drained on the horse, washed in clean water, 
again drained, and finally laid out to dry screened from light. Dur- 
ing the three first days of tanning the skins are agitated with a paddle 
mill ; the last three days it suffices to stir the skins about three times 
throughout the day. 

Tanning of Calf Leather. — To tan a calf skin of about 3 kilogrammes, 
it requires about 3 kilogrammes of quebracho dissolved in 25 litres of 
vveak bark liquor. The skins are agitated in vats from five to six days, 
during which additions of extract are made, in the morning and after- 
noon, at the rate of 250 to 500 grammes, up to the completion of 3 
kilogrammes. According to the nature of the skins and their thickness, 
the duration of the tanning may be prolonged a few days ; it is the 
tanner himself who is the best judge in such a case. In any case, when 
the skins are tanned, they are drained on a horse,” washed in clean 
water, then drained and finally laid out to dry slowdy. 

Tanning of Ileavif Leather. — Quebracho extract may also be used 
for tanning heavy leather, provided that it only be employed in 
the rehandlings, and in gradually increasing proportion, which may 
rise rather liigh. 

Remarks. — In commencing tanning operations, it is indispensable to 
use weak and already used bark liquors. The baths, from w'hich the 
tanned leather has been wdtlulrawn, may serve as an initial bath for 
new leather before being put into a new bath ; this is a method of utilis- 
ing the tannin contained therein. It is evident that it is necessary to 
agitate the skins after each addition of extract,- which ought to be previ- 
ously diluted with bark liquor; on this >4^ork being done gradually 
and judiciously, depends the success of the tanning process. 
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MANUFACTURE AND USE OF SUMAC EXTRACT 

I^caf Sumac. — The following v^arieties are found in commerce : 
Sicilian Sumac [Rhus' Coriaria), which contains from l6 to 24< per cent, 
of tannin, is the most esteemed, and ought to be specified for the manu- 
facture of extracts (the male sumac up to 27 per cent.) ; Italian Sumac, 
which titrates from 13 to 18 per cent. ; Spanish Sumac (collected in the 
provinces of Malaga or the districts of Priego, of Malino, of Valladolid) 
is a somewhat esteemed variety, which contains 12 to 15 per cent, of 
tannin ; Tyrol Sumac, very odoriferous ; French or Donazere sumac, which 
titrates 13 to IT per cent, of tannin ; it is prepared in the valley of the 
Rhone, under the form of a dark green powder, the smell of which 
recalls that of the leather ; Redon Sumac, which grows throughout the 
whole of the South of France ; its tannin content eq,uals that of the 
preceding; American Sumac, much used in admixture with Sicilian 
sumac by Morocco manufacturers and for the tanning of bufiT leather ; 
it titrates l6 to 20 per cent, of tannin; Virginian Sumac, whose tannin 
content is variable. All these varieties contain a difi’erent tannic acid, 
but according to Stenhouse, the tannic acid of Sicilian sumac is identical 
with gallo-tannic acid. In damaged sumacs or those which have 
been warehoused too long in badly ventilated stores, the greater part 
of the tannic acid is transformed into gallic acid and glucose, with 
a deepening of the colour of the solutions of this old sumac. 

I^ntiscu.s. — One of the principal sophistications of Sicil an sumac is 
the addition of 20 to 60 per cent, of Lentiscus in powder, from the 
leaves or petioles of Pislacia lentiscus, a shrub which grows more especi- 
ally in Tunis, in Algeria and in Corsica. ITiis tannin principle barely 
contains more than 10 to 15 per cent, of tannin and does not give on 
leather the results furnished by Sicilian sumac. Tanners therefore 
would do well to make sure of the different qualities which are offered 
to them at prices which would indicate the extra-ventilated powdered 
quality (No. 1) or in leaf, but which in reality is a mixture “according 
to the formula ” of Sumac Lentiscus-Tamarix. 

Tumarix . — The leaves of this shrub, which grows in Tunis, in 
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Algeria and on the Mediterranean littoral, contain from 8 to 10 per 
cent, of tannin and are used to sophisticate Sieilian sumac. 

Manufaclure of Sumac Eoclracts.—lt may be stated at the outset 
that the plant and equipment of a sumac extract factory are similar to 
those used for the manufacture of oak extract, i.e., with a battery of 
open vats and triple effect plant for the evaporation of the sumac 
liquor^. There are two kinds of sumac extracts, col I extracted and 
hot extracted. The first called "^blonde liquor” or purified .30° extract 
is the product of sumac leaves macerated in the cold or at about 30° 
C. ; the second is the product of the hot macerated leaves. Moreover, 
there are found in commerce other inferior qualities from the maceration 
of a mixture of sumac lentiscus or ta narix, or of liquors concentrated 
by a second iiot maceration of leaves, already cold macerated. 

liemarha on the Manufacture of Sumac Extracts. — The oxygen of the 
air, aided by atmospheric ammonia, produces on certain veg etable 
liquors the following remarkable effects : (1) Conversion of white indigo 
into blue indigo ; (2) colourless buckthorn extract changed into Lokao 
or Chinese green ; (3) orcine, tliC colourless principle Archil lichens, 
passes to the condition of orcine, a violet colouring principle which for 
seventy years has rendered great services in the dyeing of wool and 
silk. So we can justly ascribe to oxygen the same action on 5° to 6° 
B. extracts extracted from sumac in the open air. In fact, the first 
wash water cold drawn from the Sicilian sumac is colourless, the second 
is less so, and the degree of coloration ’s accentuated more and more 
up to the seventh washing, owing to the aeration produced by the play 
or emulsion of the pump used to pass the liquors, which are pumped 
from below upwards and from one extractor to another, the latter 
seven times in succession. In order to ascertain the point at which 
this oxidation stops short, the authors spread .5° R. sumac extract in 
thin layers in the open air. After eight days it was completely black, 
passing through the following tints : yellow, rose, violet, blue and 
green, indices of the formation of a large quantity of gallic acid. 
Iilther (extracted) tannin, of prime purity, brought likewise to .)° B. 
and exposed to the air in the same conditions, gave the same colora- 
tion result, but less rapidly, owing to the absence of the saccharine 
principles contained in sumac. It must therefore be concluded that 
tannins in a general way cannot support the action of the air without 
being influenced thereby, whmi they are diluted with a certain 
quantity of water, and that it is, therefore, of the greatest importance 
to prevent this contact during their extraction and their evaporation 
up to 25° and 30°, and even to the dry state. By pushing the evapora- 
tion to the dry condition they become un ilterable and can then be 
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used as raw material for the manufacture of alcohol and ether tannins. 
For fine colours the loading of silk by tannins manufactured without 
excess of air would peril ips give tlie ideal of the colourless. These 
considerations apply not only to the manufacture of sumac extracts 
but also to all the tannin extracts which require, in virtue of their 
composition itself, to be protected from the oxidation of the air as 
soon as they are in the cond tion of weak liquor. There is quite a 
series of industrial experiments which should interest tlie chemists of 
this industry, which is capable of numerous improvements. 

Cold ExbacL — Leaf sumac, according to the modus operandi of 
the authors, undergoes seven successive washings with cold water, 
after two hours’ contact in the case of each. The following are the 
respective strengths : 1st liquor, 6° B. ; 2ud, 4° B. ; drd, 3^ B. ; 4th, 
2-2" B,; 5th, 1-2" B. ; 6th, 0-6^ to O-?" B. ; 7th, 01° to 0 2° B. 

As the macerated leaves have to be fed into the gazogene (gas 
generator) furnaces in admixture with other waste, and as they absorb 
275 per cent, of moisture, they are pressed in a mechanical press (100 
to 150 kilogrammes) to recover again 225 per cent, of the dried macer- 
ated leaf, as liquor of 0*8°, corresponding to 8 to 9 per cent, of 20° extract, 
or 3 to 4 per cent, of dry sumac extract (it requires about 270 
kilogrammes of 20° extract to produce 100 kilogrammes of dry ex- 
tract). This recovery enters eventually into the ordinary working 
profit. 

Yield. — As mentioned above, the yield in extract is a function of 
the quality of the sumac leaves treated ; the yields, therefore, obtained 
by the authors were somewhat variable. 

Sicilian Sumac So. 1, Superior Qualihj. — Yield in dry extract per 
cent, kilogrammes of leaves treated, 43 per cent. ; in 25° extract, 92 
per cent. ; 20° extract, 110 per cent. ; extraction done in the cold with 
recovery of the liquor contained in the marcs. 

Hoi E.xlractiou, 80" to 90° C., of 2d Tons o f So. 1 Palermo Lea f Sumac, 
— Yield in 25° extract, 78 percent. ; yield in 20° extract, 98 per cent. ; 
in this yield the amount of extract obtained by the compression of the 
leaves after the seventh wash water, and which was used in the manu- 
facture of the dry extract, has not been taken into account. 

Cold Extraction. — Weight of sumac in powder treated, 2,000 kilo- 
grammes ; yield in 30° extract of powder, 55 per cent. ; yield in 20° 
extract per cent, of powder, 83 per cent. 

Other Yields. — Hot extraction of No. 1 Sicilian extract, superior 
harvest. 123 kilogrammes" of leaves yielded 120 kilogrammes of 25° 
extract ; cold extraction of the same quality of sumac as the preced- 
ing ; 162 kilogrammes of leaves yielded 120 kilogrammes of 25° 
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extract. By pressing the leaves macerated with seven wash waters, 
and utilising the liquors, 0*8 per cent, of dry extract was obtained. 

Qualifies of Sumac Extract . — Sumac extract for transportation is 
delivered commercially in the liquid state and at 30° B., there is, 
however, a certain quantity of dry sumac extract consumed. As manu- 
facturers of repute of this class of extracts, the authors would quote 
the firnj;! of Jean Rod, Geigy ik Co., of Bale, who have been engaged in 
the mai^afacture of sumac and logwood extracts since 1856, and whose 
brands are universally appreciated, such as purified 30° sumac extract 
with 31’8 per cent, of tannin; surfin 30° with 32*4 per cent. ; O 30° 
with 32 per cent. ; B 30° with 25*5 per cent. ; BO 30° with 23’ 7 per 
cent. These extracts are sold, according to quality, from 40 to 62 
francs. In France the authors would quote the firms of Watrigant et 
Fils, of Marquettes-lez-Lille ; Dubose Freres, of Havre ; Huillard et 
Cie., of Suresnes. 

Use in Tanning . — Sumac extract is specially used to bleach leathers 
to be dyed rather than to tan them, because it tans too soft ; it is 
used especially for leathers intended . for high-class boot uppers, 
binding and Morocco work. It is also adapted for loading white 
or pale-coloured silks. 

Ga/lo-simiac. — Gallo-sumacs, made by the authors in large quantities, 
are mixtures in variable proportions of divi-divi, sumac and chestnut, 
which give good yields and extracts appreciated by tanners on account 
of their high tannin content, which exceeds 32 per cent. 



CHAPTER IX 

KHAKI SUBSTITUTE FOR QUEBRACHO^ITS USE IN TANNING 

This tanning material^ recently placed in the market, would appear 
to come from Borneo (via Singapore) ; it is extracted from a leaf and 
put on the market in a dry state. Khaki contains about 60 per cent, 
of tanning matter. It is a rapid tannin and an astringent one. It 
must, therefore, be used with moderation, preferably with other mild 
tannins, otherwise the pores of the leather may be contracted and 
its tanning retarded. It yields a firm but soft leather, and less hollow 
than quebracho. Nourishing the leather by its assimilative capacity, 
it renders it waterproof. Khaki gives more weight, a more thick sub- 
stance and a heavier leather than gambler, and in that respect it is much 
superior to quebracho, mangrove, mimosa, and other extracts used 
alone. It does not contain any resinous body, like hemlock (spruce) 
and quebracho, which often are the cause of the spots or marblings to be 
seen on leather. It contains less than 1 per cent, of insoluble matter. 
In concentrated solution it does not separate as dry quebracho extract 
does. A strong liquor of khaki and hot water, or of khaki and a hot 
liquor consisting of other tanning materials, deposits naturally on 
cooling, but the deposit formed may be redissolved easily by taking it 
up with a certain quantity of hot water. This deposit is of a flocculent 
nature, having none of the resinous gluey properties so unpleasant in 
(juebracho, n angroves, or the barks of mallet. Dry khaki extract is 
dissolved in the same way as chestnut (see above). 

Method of Application in Tanning. — Khaki, being a tannin very 
soluble in water, may be employed in tanning, in admixture with other 
tannins, with which it gives good results, such as : Into a tan pit 
pump a myrobolam liquor, add 600 kilogrammes of gambier and ,S00 
kdogramnies of khaki, dissolve by an open steam pipe at about 40° to 
45° C., use this liquor afterwards either for the final tanning of leather 
or for the retanning of split leather. This formula is constantly used 
by English tanners, who o\)tain with this mixture first-class leathers. 
Another mixture consists of \ khaki, I gambier, 'I myrobolam and 
oak bark and drencliing with the preceding strong liquor. Khaki has 
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also been used with success, by mixing it with chestnut extract in 
proportions varying from to J of the tanning substances used, so as 
to mitigate the reddish colour of the khaki. Finally, some tanners 
have used the following mixture : Khaki chestnut extract to 
drench the semi-rapid tanning pits, and with liquors of 5° to 7° B. 
If the tanners use a system adopted in Germany, i.e., swell the leathers 
first in the pit with an organic acid, then dye them in the dye pits, 
and thenVay them out in dry layers, it is advisable to add in the 
case of the first layers, to each fifty skins, four to six buckets of this 
strong khaki to the liquors used for drenching the said pits. 

Tanning o f Sole Leather [Hue '), — Khaki may be used according to the 
following general formula for the manufacture of sole leather, as is done 
in Germany and in Austria. The general system of tanning in Germany 
is to place the skins, after careful working in river water, to be dyed 
in a series of pits and lasting several weeks, then directly to the layer 
pits. These layers consist of bark and strong liquor, to which extracts 
are added to strengthen them. For this kind of tanning it is advisable 
in the first, the second and perhaps in the third steep to dissolve the 
khaki in the liquor itself of the pits : 50 kilogrammes of khaki per 
100 skins. The other system more resembles British tanning because 
khaki is used in the handling ” or in the powdering vats, at the rate of 
50 kilogrammes (say 1 cwt.) per pit and sixty hides dissolved in the 
myrobolam liquoi* used for drenching the skins. 

Finally, certain tanners use it with success along with oak bark, 
valonia, myrobolam, chestnut extract, in proportions which vary with 
the requirements and the exigencies of their tanning which practice 
alone can guide. 



CHAPTER X 


VARIOUS TANNING SUBSTANCES -THEIR MANUFACTURE A' D USES 

1. Dii'i-Dii i — 2. J a/onia — 3. Chinese Galls — 4. Mjjrobolam — 3. Palmetto 
— 6. Mimosa — 7. Tara — 8. Mangrove [Palttuvier) — R. Catechu or R. 

Gambler 

1. Divi-Divi. — This tanning substance is found on the market in the 
form of pods or siliquas of about 5 to 6 cm. long, fleshy, reddish yellow, 
bent in the form of an S, and containing hard, smooth, ovoid seeds ; 
they are produced by the Civsalpinia coriaria, wliich grows in South 
America and which also yields a bark used in tanning. The pods 
or siliquas contain about 30 per cent, of tannin, whilst the bark only 
contains 12 to 15 per cent. 

Manu facture o f Divi-Divi E.vtract. — The divi-divi pods are exhausted 
by seven washings of two hours each at 90 ' C. (191 F.) ; then the first 
washing and the half of the secondare evaporated in vacuo up to 30° B. 
The following are the strength in degrees Beaume of the different 
liquors: First, 8*5°; second, 4*3 ; third, 3'; fourth, 1 *.9^ ; fifth, 1*3°; 
sixth, 0-7'; seventh, 0*3°. 

Yield from I. ot of 50,000 Kilogrammes Treated (Maracabe and Rio-Aichc 
Qucilitjj )^ — 100 kilogrammes of pods yielded 117 kilogrammes of 30° ex- 
tract ; 85 kilogrammes of pods yielded 100 kilogrammes of 30° extract ; 
l68 kilogrammes of pods yielded 100 kilogrammes of dry extract. Divi- 
divi extract of 30° generally contains 30 to 33 per cent, of tannin, 
the dry extract 53 to 55 per cent. The extract, itself at 30°, being 
essentially fermentable, it is important to asepticise it by a small addition 
of formic acid or mercuric iodide. The priming of the vats by the too 
intense fermentation developed in summer is thus avoided. By its great 
yield in extract it will be seen that this tanning principle is interesting 
to the tanner who uses it, especially in tanning light pliant leather, 
decolorised extracts yielding very bright tints. 

2. Valonia. — Valonias are the scaly cupules of the Guercus (Egilops 
(Turkey Oak), a tree common to the Greek Archipelago. German, 
Austrian, Italian and especially British tanneries consume large quan- 
tities of it. Valonia is mixed with oak bark for the tanning of sole 
leather in the two last powders ; the resultant leather is more water- 
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proof than that tanned by oak bark alone. It is in fact one of the best 
tanning agents at present on the market, and British tanners make 
excellent use of it, if one can judge from the leathers imported into our 
(French) market. The chief market is Smyrna, which exports all the 
known varieties : Caramania U/ and Camatina, bons refuses, English 

without trynacks, uso-English, imacqua, trynacks trillos 2a or la 
sifted, Greek dragoman ; the price of these different qualities varies from 
1 6 to 27 fmics c.i.f. Havre, Dunkirk, Antwerp. As the tannin content of 
valonias may vary from 15 to 35 per cent., according to quality, source, 
etc., it is very important when buying to determine their tannin content, 
the more so as the percentage of extractive matter is also very variable. 

Manufacture of Valonia Extract. — The authors had occasion to treat 
10 tons of a lot of mixed valonias which received seven wash waters at 
95° C. (203° F.), each of one and a half hours. Strength of the respective 
liquors : (1) 5*3° B. ; (2) 3° B. ; (3) 1-2° B. ; (4-) 0-8° B. ; (5) 0*5° B. ; 
(6) 0'2° B. ; (7) 01° B. The average strength of the liquors was 4°; 
after cooling, decolorisation and evaporation in vacuOi they yielded a 
25° extract, the tannin content of which was 26 per cent. Yield : 117 
kilogrammes of cupules produced 100 kilogrammes of 25° extract, say 
85 per cent, of the weight of the valonias treated. 

3. Chinese Galls. — This tanning agent, the product of a species of 
sumac, contains 50 to 60 per cent, of tannin ; this high tannin content 
ought to draw the attention of tanners to its commerce and its production 
in Eastern Asia. Treated in the same way as divi-divi or valonia, its 
yield is 125 to 128 in dry 30° extract, i.e., 78 kilogrammes of Chinese 
galls yield 100 kilogrammes of 30° extract. 

4. Mi/robolam or Mijroholans. — This tanning agent comes to us from 
India as rounded, greyish-black fruits, collected from several species of 
large trees (Terminalia) and containing, according to source and year, 
25 to 35 per cent, of tannin. The authors had occasion to treat some 
tons of Jubelpoore I. -II. by seven washings at 90° to 95° C. (= 194«° to 
203° F.). ^The following are the results obtained : Yield in 20° extract 
per cent, of myrobolam treated = 76 per cent., of 25° extract = 60 per 
cent. Weight of myrobolam to produce 100 kilogrammes of 20° ex- 
tract = 145 kilogrammes. The liquor obtained, which titrated 37°, de- 
cants easily and rapidly ; evaporated at 65 mm. cm.) of vacuum, it 
yielded a very fluid extract of a yellow colour, used in tanning goat skins 
a brilliant yellow and endowed with great pliancy. Moreover, it is a 
tannin of universal repute which mixes very well with bark liquor or 
chestnut extract. The chief makers of French and foreign myrobolam 
extract are Compagnie Francaise des Extraits Tannantes et Colorantes, 
Watrigant et Fils, etc. 
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5. Palmelto Extract . — This tanning agent is extracted from the roots 
of the Saba/ sH?Tulata, which grows on the sandy maritime soils of Florida, 
and manufactured by the Florida Extract Company, Titusville, Florida. 
The chief use of palmetto extract is as a gambier substitute. The fol- 
lowing are the properties which give palmetto an advantage over 
gambier : It tans more rapidly, gives a better weight, produces 

stronger leather by causing it to swell, a leather which may undergo a 
higher temperature in varnishing Palmetto extract, this new tanning 
agent, seems to be destined to play a very important part in the tanning 
world. Precise data as well as instructions on the method of applying 
it to the most different kinds of leather now follow, based on the 
numerous experiments and laborious researches of Professor Kohnstein 
of the leather factory of Pfistervogel, Milwaukee. Palmetto extract 
is sold in American tanneries by the w^aggon-load, and its consumption 
increases in proportion as it is adopted in actual practice and that the 
practitioner recognises its valuable qualities. In the beginning the 
high figures in the percentage of non-tannins, determined in the labora- 
tory, could not be sanctioned, and moreover also all sorts of difficulties 
combined to throw discredit on the use of palmetto extract. First of 
all, it was the difficult solubility of the extract in cold water, and also 
the fact that the extract seemed to become darker when exposed to 
the air, but especially to light. In spite of these unfavourable obser- 
vations, demonstrated in the laboratory and in the workshop of 
tanneries, Kohnstein did not abandon his researches but continued 
his experiments with this new' product. The experience acquired in 
the manufacture of the extract and in tanning showed that the same 
difficulties had to be overcome as in the production of tanning extract 
from the pine and oak wood and quebracho extract. In fact, with the 
best bark and the finest calf skin, very bad leather may be made if 
the operator has no knowledge of tanning processes. To tan by means 
of palmetto extract, it requires as much experience as in working with 
the best oak bark. Thanks to laboratory researches and to. the experi- 
ence acquired in the factories themselves, it is now possible to supply the 
chemist as well as the practitioner with some valuable advice con- 
cerning the application of the extract and its judicious use. The pre- 
liminary treatment of the leather must also be explained, because it is 
very important in tanning with palmettf) extract. This treatment 
depends on the characteristic properties of leather. The Florida 
Extract Company have lately sent out samples of extract of the 
following average chemical composition : Density, 30° B. ; water, 

; ash, 11*09; tannin, 2.5*96; organic substances incapable of 
being absorbed by the skin, 10*31 per cent. The extract being 
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soluble in cold water at a temperature of 65° F., yields a bright red 
colour. 

In analysing palmetto extract it has been remarked that the skin 
powder is dissolved to a certain extent by the inorganic substances of 
the extract, which are partially of an alkaline nature. Attention has 
first of all to be drawn to a point already demonstrated in previous 
publications, viz,, that palmetto extract contains natural alkaline chlor- 
ides and bromides. See the laboratory researches of the State of 
Florida of I7th June, 1898, in which are published the analyses of 
palmetto root by the State chemist, W. A. Rawls, from which it 
will be seen why chemists found so much non-tannins, and that because 
the skin powder dissolved is also weighed and brought into the cal- 
culation at the expense of the actual percentage of tannin. This error 
was pointed out at the time when, in 1897, the Congress of Leather 
Chemists sat in London. The same error occurs with extract to which 
borax is added, either as an antiseptic or to accelerate the solubility in 
cold water. If a certain quantity of palmetto extract be ignited, and 
the residual ash dissolved in water and filtered through skin powder, 
working on weighed quantities, the chemist will be able to acknow- 
ledge the correctness of these remarks, and he can then afterwards avoid 
the said error. Palmetto extract is chiefly intended as a substitute for 
gambler or for use in admixture therewith. The following are in a few 
words its advantages : Palmetto extract gives a better weight, tans 
more rapidly and renders the leather thicker by causing it to swell, 
finally it stands heat better during greasing in the cask, during varnish- 
ing and the drying of the varnish in the stove (that is, during japan- 
ning)”. These valuable properties have led to palmetto extract being 
used for the most different kinds of leather. The dark colour of the 
leather may be explained and the inconvenience incidental thereto be 
remedied, chiefly by drying, when it has been exposed for some time to 
broad daylight. The practical tanner knows that tannin solutions con- 
taining alkaline salts easily absorb oxygen and become darker, but if the 
skins be treated with a little soap or grease the alkali is neutralised 
by the grease, and the good effect of a fat liquor is obtained on the 
leather, producing besides excellent quality a very fine colour. In retan- 
ning chrome leather, such salts are very useful in so far as they neutralise 
the traces of acid remaining in the leather, and by forming, in so far as 
they combine with the tannin of palmetto, a superb mordant for leathers 
to be dyed black or by aniline dyes. Silk, woollen and cotton dyers 
have not been slow to appreciate in their turn the value of this mordant, 
seeing that palmetto extract is free from resin and fat, and that it 
penetrates easily into the fibre. In retanning chrome leather with pal- 
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metto extract excellent results are obtained, which it is in vain to seek 
for with other tannins ; the grain remains soft, does not become rough 
nor slack, and produces a very soft texture of excellent appearance. 

Tanning of Calf Skins and Kips . — The crude green salted skins are 
first passed into fresh water, then into a bath, twice renewed, then the 
third day they are put through the paring machine, and steeped in 
water during the night. From the water the skins are puo into the 
lime v^ats. The first lime is left till it gets killed," and the skins are 
left in it a day and covered each day with a better layer of lime until 
they pass the fifth day in a fresh lime vat. In the case of fresh skins 
there are taken for every 8,000 lb. of raw skins 150 lb. of lime and 8 
lb. of arsenic. To strengthen the succeeding limes there must be taken, 
each time the skins are turned, 70 lb. of fresh lime and T lb. of arsenic. 
The sixth day the skins are unhaired and put into milk of lime for 
twenty-four hours. For 3,000 lb. of raw skins there are taken for 
this solution 70 lb. of pure lime dissolved in water. After that opera- 
tion the skins are repared, the heads are split, washed and finally 
assorted. 

For a chrome mixture the skins require a bran mordant ; for tanning 
by the ” Palmetto Extract Method," or for mixtures with other vege- 
table tanning agents, a mordant of pigeons’ dung is recommended. For 
glazed kid," goat, lamb and sheep skins, intended to be dyed, so as to 
prepare them for tanning by palmetto extract and chrome, dogs’ dung 
is to be used. After paring the skins and smoothing the grain they 
are ready for tanning. They are then stee})ed in a palmetto liquor of 
8 ' Barkometer and removed in half an hour. They are then tanned in a 
fulling machine by means of palmetto extract of 30° B. (51° Twaddle), 
heated up to 35° C. (p5 F.). For 700 lb., the weight being taken after the 
skins leave the beam-house, 500 lb. (one barrel) of extract is run into 
the vat. So as to prevent the skins from twisting and getting en- 
tangled they must be inspected from time to time, and the fulling 
machines adjusted in such a way that the paddles make the same 
number of rotations in both directions. After having been continuously 
mixed for five or six hours the skin is well tanned, even in the strong- 
est places of the nape of the neck and the cheeks, without drawing or 
roughening the grain. The skins are then rinsed in a light liquor, 
in which the skins are dyed and pressed. They should then be 
passed into a weak palmetto liquor of 8° Barkometer, and retanned 
one hour in a strong solution, in tlie fulling machine. When taken 
out of the fulling machine they are washed in lukewarm water. 
This liquor is used as the dyeing liquor. When the skins have been 
washed and pressed, they are thrown directly into a fulling machine 
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containing heavy liquor. The fulling machine is heated by steam to 
a temperature of 140'" F. For 440 lb. of pressed leather 5 lb. of soap, 

4 litres (say 1 gallon) of sod oil heated in half a cask filled with water to 
a temperature of 120° F., are used, treating the mass in the fulling 
machine for half an hour. The door is then opened and water run on 
to the skins to wash them, after which they are hung up to dry. The 
grain of.the leather may easily be protected if the skins are to be 
dyed. Scr if the dry skins have accumulated a few days, they may be 
joined to the different kinds of leather, and be, after a preliminary 
treatment with Sicilian sumac, as good for varnished and dyed leather 
as gambier leather. 

Tanning of Cow-hide Sole Leather, Harness Leather for Saddle- 
girths, Machine Bands, etc. — The well-drenched and washed skins are 
scraped and dipped into lime vats strongly drenched with sodium 
sulphide. For 3,000 lb. of raw hides, 210 lb. of lime and 20 lb. of 
sodium sulphide are used, and 75 lb. of lime and 10 lb. of sodium 
sulphide are used to strengthen the reagents. After having been 
coated with lime for five days, the skins are unhaired by the unhair- 
ing machine, again unhaired, then polished by hand and rescraped ; 
then after being washed with cold water they are mordanted with 
cold muriatic acid — 18 lb. acid per 3,000 lb. of hides; then they are 
treated with a bath of pigeons’ dung for two hours, with constant 
agitation. The*skins are then scraped and hung in vats filled with 
dye of 12° density, which may be brought to 20°. With the first pal- 
metto bath it is advisable to leave spaces between the skins by suspending 
them, so as to facilitate uniformity in the dyeing of the grain. The 
sixth day the hides are lifted with the poles, and laid flat in palmetto 
extract of 30° B., turning them twice the first day. So that no 
loss nor leakage of extract may occur, it is advisable to place the hides 
on oblique boards. The skins are tanned in four days : it will then be 
seen that the extract, without any motion, has fermented even the 
densest parts on the top. The hides are slightly rinsed in weak 
palmetto extract, exposed to the air and fleshed. After fleshing, the 
hides are re -tanned with weak palmetto liquor, and finally fulled in 
a fulling vat of 30° B. for six hours. To obtain a bright yellow 
effect with this kind of leather on drying, it is advisable to use the fat 
liquor called sod oil ” (Moellon degras) described above. Moreover, 
palmetto extract is well adapted for tanning split leather, for the pro- 
duction of heavy leather for soles, in combination with other tannins, 
such as valonia and oak. Finally, combine^l with gambier it is an ex- 
cellent medium for softening leather, and imparting to it a greater 
capacity to resist heat. 
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Chrome Tanmng with Palmetto. — No other tannin agent is so well 
adapted for use in conjunction with chrome as palmetto extract. 
The Florida Extract Company of Titusville were the first to discover this 
peculiarity, and it is to them that palmetto extract on chrome owes its 
reputation for woollen and cotton dyeing. For hides tanned in two 
chrome baths, it is advisable to re tan in a palmetto extract liquor. For 
300 lb. of pressed chrome hides 23 lb. of palmetto extract, with 1 pint 
of glycerine, dissolved in a cask of water are used. Chrom?d leather 
treated in this way is exceedingly well adapted for being dyed, the 
grain becomes firmer, and is not detached on rubbing. Aniline dyes, 
logwood, or other dye woods, such as fustic or redwood, are more fast, 
do not become dirty, and are easily glazed. This leather is also fit 
for taking sod oil (Moellon degras) ; it preserves its silky grain — that is 
why it is the best material to use for dyed chrome leather for gloves. 
Hides which are to be tanned after the chrome bath, may be treated 
similarly ; however, the chrome bath may follow the tanning with 
palmetto. Above all, palmetto extract is distinguished by the fact, 
that with 28 per cent, of tannin it is very liquid, penetrates the main 
body of the leather very energetically, in spite of the concentration of 
30^ B., and is consequently much fitter for tanning by Durio’s process. 

Another yiethod of Tanning by Palmetto Extract. Tanning of Goat, 
Sheep and Cal f Skins with that Extract according to the Shoe and Leather 
Reporter”. — Lately, and especially in America, tanning with palmetto 
extract has assumed enormous developments, because it yields a very 
good soft and full upper leather. Recently it has also been used for 
goat, sheep and calf skins, and the process is as follows. First the skins 
are drenched witli special care and attention. It is especially necessary 
to use arsenic depilatories, and it is important that the skins are laid 
perfectly soft and in good order in the depilatory. These are preferable 
to the ordinary depilatory, because a better grain and a firmer texture 
are imparted to the skin, and these are precisely the qualities required 
in goat and sheep-skin leather. An old depilatory is used in the be- 
ginning, in which the skins are laid for some days, then they are passed 
through depilatories of gradually increasing strength, one after the 
other, until the unhairing is complete. It is not believed to be desir- 
able to use lime liquors in the beginning, but the skins may be placed, 
after five or six days, in quite fresh lime, after passing through several 
depilatories. For the preparation of the last, for 1 ton of skins 1 cwt. 
of lime and 6^ lb. of arsenic are used. The third day the skins are 
taken out and unhaired, ^nd if a very fine skin be desired they are 
replaced in fresh lime for twenty-four hours, after which the skins are 
scraped and are ready for tanning. 
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Branning. — The skins are placed in a bran steep, and good results 
are obtained as follows. Half a ton of bran is taken for 400 heavy or 
450 light skins, and run into a cask filled with enough water, which 
forms a greasy paste which is soured, which takes about forty-eight hours. 
There is added to this ‘‘ branning ” medium about 1 litre to 1 J litres 
of sulphuric acid, and 9^ to 95 kilogrammes (204 6 — 210 lb.) of pure 
salt, so as to get a density of 58°. The skins are stirred in this liquor for 
three to fi%^e hours, depending on the depilatory and the amount of lime 
which they contain ; they are then withdrawn. This maceration renders 
the skins pliant, and gives them a fine grain. The skins are prepared 
for tanning by gentle washing in lukewarm water, working them softly 
on the grain. 

Tanning. — To feed them to the end palmetto extract is used. The 
skins are first weighed, if they come from the previous workshop, in good 
working order. They are then laid in a weak bark liquor of 8° Barko- 
meter, in which they are stirred for about thirty minutes. They are then 
put with constant stirring into a palmetto liquor of 35 ° Barkometer 
heated to about 47° C. (122 '6° F.). A liquor is prepared for 100 skins, about 
65 kilogrammes (143 lb.) of palmetto extract and the necessary water. 
Tanning is complete in five to six hours. It is not necessary that light 
skins be retanned, but it is better to tan heavy skins once more after 
cleaning and stretching, and in that case, fulling the skins a second time 
about an hour in" a weak liquor. When tanning is complete the skins are 
taken out of the vat and washed perfectly in lukewarm water ; they are 
pressed and treated with sod oil (fat liquor.) 

Finishing, — The leather may be finished in two different ways : it 
may be passed into the fat liquor ” (sod oil), dried, coloured, finished, or 
it may be oiled in the ordinary way in the fulling mill, then dried, again 
oiled, dyed and finished. The first method is better than the second, 
as the leather is better looking, and labour is saved. The method of pre- 
paring the “ fat liquor ” (sod oil) is described farther on. The skins are 
well rubbed with this lubricant and fulled for half an hour in the fulling 
machine ; they are then laid out to dry. The dried skins are drenched 
with lukewarm water and coloured blue on the flesh side with 
crystallised logwood extract and flesh stain D, and on the grain 
side with leather black ; they are oiled both sides, again dried, stretched, 
and finished in the ordinary way. The different sorts of Levant Ink 
(inks to be used before finishing) may also be used (according to 
whether black or pale leather is to be made). 

Feeding for Use in the Churn. Fat Liquor Jd. — For 100 kilogrammes of 
skins take to 4 kilogrammes of this composition. Soft skins require 
the minimum, hard skins the maximum, quantity. Weigh the desired 
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quantity of fat liquor and place it in the churn with half the water to 
be used. Do not boil, but heat to 40° Re., and stir until solution is 
complete. Then add the other half of the water to bring the liquid to 
the proper temperature for feeding. Then proceed as usual. 

on Eymdsion to he Rubbed into the Skins. Fat Liquor A. — Take 2 kilo- 
grammes of this emulsion, heat it to boiling, add 1 litre of water ; 
then rub this composition into the skin with a woollen rag, at a tem- 
perature of about 60° C. (140° F.). When the skins are treated, instead 
of placing them flower upon flower, they must be placed flesh upon 
flow’er. If the emulsion be heated by a steam jet, it will not be neces- 
sary to add the above litre of water, because the condensed steam will 
suffice. The skins w'hen treated are taken to be dried, then when dried 
they are left in a heap for four to seven days, then moistened and 
passed through the opening machine and finally placed on the cstreque. 
They are then ready for drenching before finishing. 

6. Mimosa . — These (wattle) barks, which come from Australia, are the 
product of different varieties of acacia, such as pyenantha, cyanophylla, 
leiophylla, mollissima, etc. They have been cultivated for some years 
both in Tunis and Algeria with good results and even in the South of 
France, w'here their culture might be developed with success, the mimosa 
being a hardy shrub which requires but little care and is very productive, 
as certain mimosas shoot continuously from the stump after being felled, 
and a tree barked when six years old may yield 20 lb. of bark. More- 
over, a hectare of mimosas may yield according to the quality and nature 
of the tree and the climate in w hich it grows, 4 to 5 tons of bark per 
hectare (say 32 to 40 cwt. per acre). The mimosa bark of Natal, one of 
the most justly appreciated, contains 34 to 36 per cent, of tannin, and 
may yield 110 to 112 kilogrammes of 25 per cent, bark, say 90 kilo- 
grammes of bark to produce 100 kilogrammes of 25° mimosa extract. 
With mixed qualities the authors obtained 103 per cent, in one case, 
and 96 per cent, of 25° extract in the treatment of bark of Algerian 
origin. This bark yields on maceration liquors which easily titrate 5° 
to 6° B., which, when concentrated in a vacuum of 65 c.cm., yield an 
extract readily soluble in cold water without any decolorisation or 
clarification. It is thus an excellent tanning material for the manu- 
facturing of tannin extracts, the more so as it yields in tanning fine 
coloured leather of superior quality. The erection of mimosa extract 
factories in Australia and even in Algeria will give rise to a series of 
interesting commercial transactions for some time to come. The follow- 
ing are the yields from Hyeres (Var) mimosa bark treated like the 
foregoing : Yield per cent, of bark in 20° extract = 80 per cent. ; in 25° 
extract = 64 per cent. Quantity of bark required to produce 100 kilo- 
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grammes 25^' = 156 kilogrammes. The authors found this bark to yield 
on analysis 29 per cent, of tannin and the corresponding 25° extract 32 
per cent, of tanning matter. These yields may be taken as com- 
mercial, as the experiments were made on half a ton of bark. It will 
thus be seen how desirable it is to form plantations of, and cultivate, 
jhis genus, louking to the yield of bark per hectare of mimosa and that 
of the extract per 100 kilogrammes treated. As a working basis, 
2,000 to o,000 hectares (say 5,000 to 7,500 acres) planted in mimosa 
would suffice to supply a factory treating 25 tons which would produce 
15 tons of 25° extract. Extractors will soon be compelled by force of 
circumstances to use tropical tanning material (they have already made 
a partial start), either by treating them on the spot, or by acclimatising 
them in the (French) colonies or on French soil, for capital is best 
utilised in the development of prosperous industries, and it may be justly 
said that the tannin industry is one of the most lucrative. The price 
of mimosa bark oscillates according to its source between 18 and 27 
francs per 100 kilogrammes for good qualities c.i.f. Havre or Marseilles 
(say 7s. to 10s. 6d. per cwt.). 

7. Tara . — Tara is a tanning material which comes from Chili and 
Peru, in the form of pods, like divi-divi but paler. In Peru it is used for 
tanning seal skins, yielding a colour like that obtained from evergreen 
oak alone. It contains 30 to 35 per cent, of tanning material and a 
large proportion of gummy principles, which render it difficult of being 
accepted by extract makers, unless it be got rid of solely in admixture. 
It is sold in French European ports at 30 francs the 100 kilogrammes 
(say 12s. the cwt.). 

Method of Using Tara , — Take 100 butchery hides, weighing 30 
kilogrammes (66 lb.) in bulk, say a total of 3 metric tons, or the equivalent 
of this weight in cut hides, sheep skins or goat skins or any other kind of 
skins. To tan that quantity will require 600 to 700 kilogrammes ( 1,320 to 
1 ,540 lb.) of tara. Tanning is complete within four days of laying in the 
pit. All skins to be tanned with tara ought to be first passed through 
the preliminary baths, for preparing the skins, to bring them into the 
desired condition for being laid in the pit. The first day the skins are 
placed in a pit large enough to allow one or two men to manipulate 
them with ease. The skins are laid in the pit, folded in two, in the 
direction of their length, the flesh side on the outside. The tara is 
sprinkled on that side, placing the skins as they are usually superimposed. 
It is essential that, on the first day, only 100 kilogrammes (say 2 cwt.) of 
tara be used (for it contains gummy principles which harden the leather 
if used immediately in too large amount). When the skins have been laid 
in the pit, they are fii*st drenched with water previously saturated with 
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100 kilogrammes (2 cwt.) of tara and in sufficient amount for the skins 
to be completely steeped in it. The second day the skins are moved 
about by the workmen. This done, they are taken out of the pit, tak- 
ing care to shake them well, so as to cause any adherent tara to drop 
off, and in proportion as it does so, it is collected and run into a vat 
filled with water in which 50 kilogrammes (l cwt.) of tara have been 
laid the previous day, so as to be well saturated therewith. Then, the 
pit being emptied and well cleaned, the skins are laid into it again as 
on the first day, spreading a layer of tara between each skin, always on 
the flesh side, but taking care not to place the second layer on the part 
which has’ received the first. Then the skins are drenched with water 
from the vat above mentioned. For the second layer, 150 kilogrammes 
(3 cwt.) of tara are used. The operations of the first day are repeated. 
On the fourth day the skins are taken out of the pit, and after being 
drained are placed in a bath of fresh water previously saturated with 12 
kilogrammes ( 26*1 lb.) of alum and 6 kilogrammes (1.3'2 lb.) of salt, and 
that for 100 skins. The quantity of water used ought to be just suffi- 
cient to cover the skins ; they are then worked about and withdrawn 
from the vat, either to be dried or curried. 

8. Mangrove. — The tanning agent is so designated in English and in 
German (in French paletuvier). It is also termed " mangle," a derivation 
showing its origin from the Rhizophora mangle growing in the Gaboon, 
Senegal, South America, India, Madagascar. It is being marketed 
in ever-increasing quantities as a reddish, more or less pale bark, hard, 
with a section showing black or white spots. According to quality 
and origin, it titrates 20 to .30 per cent, of tannin. Several foreign 
manufacturers have already used it in admixture in the making of 
quebracho extract, in which it retains its red colour and increases the 
tannin content of the quebracho. From experiments made by the 
authors to determine the value of this bark, they obtained a yield 
which oscillated between 80 and 90 per cent, of the bark treated, 
showing that it is a product of interest to extract manufacturers. As 
to its value for tanning, it is but middling ; used alone, it can onlj 
yield a soft tanned leather, but it can be used in a mixture of the 
following composition, which has been already utilised : 40 parts pine 
bark, 20 parts oak bark, 30 parts mangrove, 10 parts mimosa. Good 
results are also obtained by mixing mangrove extract, now made in a 
way with which no fault can be found, with myrobolam, niiinosa, oak, 
chestnut, according to the quality and nature of the skins to be tanned. 

R. Catechu. Special E.xjracl for Dyeing and Tanning. — “ I have re- 
ceived a product which perfectly answers my requirements, It not 
only replaces japonica and other catechus, but it is also a really ideal 
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tanning material (geradezu ideal). The manufacturers, Paul Gulden 
& Co., call their new product R. Catechu” (W. Eitner). 

R. Catechu. Special Extract. — R. Catechu is a product which can 
perfectly replace not only the various cutches in tanning and dyeing, 
but also gambier and japonica, because it possesses the different 
properties of these materials whilst greatly surpassing them in strength. 
Besides i.t yields better and brighter liquors, and runs much cheaper. R. 
Catechu does not fluctuate greatly in price like gambier and other 
tannins. As R. Catechu can be used in equal proportion with other 
tannins, it can not only be used for all tlie purposes for which they 
are used in tanning, but it may be used preferably instead of gambier, 
etc., because it renders the finishing of certain leathers more easy, 
in modern tanning. The proportions for the use of R. Catechu, by 
a competent man, for all tanning purposes are now given. Its use 
has been very advantageous, an.l principally in the preparation of new 
kinds of leather. 

Dijcd Calf {American MelJiod).—T\\e skins in bands [en tripe) pass 
through a series of dyes, which is made like that with japonica and 
which consist, according to the weight of the skin, of six to eight dyes ; 
the last dye is for heavy skins, for which eight dyes of 24^ Barkometer 
are necessary ^ for light skins six dyes of 241 Barkometer suffice. Che 
striking colour is itself applied at T to 8°. After this tanning the 
leather is finished as usual. For bright colours the skin is repassed. 

Dyed Calf {Mixed Mefhod).^R. Catechu is more advantageous 
in mixed than in ordinary tanning, and in this respect surpasses all 
other tanning substances. The skins in prepared bands are treated 
for an hour in a solution of o per cent, on the naked weight of salt 
and 2 per cent, of alum, both dissolved in fifty times their weight of 
water, then beaten for twelve hours on a block and left to stand. 
Tanning is done as above in six colours, the first of which need only 
be of 16 " Barkometer. The skin remains two days in each dye, a 
solution of R. Catechu is added each day to bring the strength 
up to normal. To increase the strength of the tanning liquor R. 
Catechu dissolved in twice its weight of water is used. The comple- 
mentary finishing is done as usual. 

Fhial Treatment of Chrome Calf irith R. Catechu. Chrome-tanned 
leathers which have been steeped once are treated, after neutralisation 
and folding, with a liquor composed as follows : For 100 kilogrammes 
(220 lb.) of folded weight, 3 kilogrammes ((r6 lb.) of soft soap dissolved 
in 50 litres (11 gallons) of water, to which .600 grammes (1*32 lb.) of 
potash are added, then 3 kilogrammes (6 6 lb.) liquid R. Catechu, or a 
solution of 1*8 kilogrammes (4 lb.) of solid R. Catechu, finally 3 kilo- 



284 THE MANUFACTURE AND TESTING OF TAN WOOD EXTRACTS 


grammes of bone fat and ^ kilogramme (li lb.) of vaseline. The skins 
are treated with this liquor for forty minutes to one hcur in the fulling 
mill, they are then beaten on the block and left at rest for six hours 
so that they may become pliant. The skins are then stretched and 
dried or their working is continued. The dried leather ready for the 
tannery may be afterwards finished like black leather for dyeing. The 
latter receives in the cask, before dyeing, the final treatment with R. 
Catechu; in that case for 100 lb. of folded weight 3 lb. of liquid R. 
Catechu are used. 

Mi.red Chrome Tanning (Dongo/a Chrome ). — The skins in bands, pre- 
pared for chrome tanning, are tanned in a simple chrome bath, i.c., 
with one dip. The tanning is started with a previously used chrome 
liquor of 12' B., adding according to the thickness of the skin gradually, 
in six to ten hours, 25 per cent, of the weight of the naked extract of 
liquid chrome (Cromal). After tanning stand twelve hours on the block, 
then neutralise with 2 per cent, of sodium sulphide, wash, stretch and 
fold. Then follows the second tanning with R. Catechu as a colour 
basis {Ha.spel farbe). The finishing colour [Einireib farbc) 5°, other 
colours 6“ Barkometer, which are kept at 6*^ by adding the necessary 
amount to strengthen the liquor. The tanning process lasts, according 
to the thickness of the skins, from four to twelve days. Leathers 
treated in this way may be prepared like ^‘leather by measure” for 
current articles, that is like leathers ready for bark tanning ; if leather 
by weight be desired they are prepared like the latter. In dyeing the 
glaze of the varnish, for the preparation of nappa leathers, japonica or 
gambier was formerly used. R. Catechu produces a surprising effect, 
because it does not tarnish the colour, whilst it yields a pliant and 
elastic and at the same time a strong leather. Glace skins are re- 
w ished in two waters and then receive the dye bath prepared with R. 
Catechu and a vegetable colour ; they are then steeped and afterwards 
passed on to be treated with the egg-yolk mixture and the final dyeing 
on the table. For an average skin 30 grammes (rather over an ounce) 
of R. Catechu are used. In dyeing with aniline dyes the leather is 
treated after washing only with R. Catechu. Then it is dyed with an 
aniline dye in the fulling mill, the colour is afterwards fixed, the leather 
rinsed and finally treated with egg-yolk mixture. 

R. Calechu. A Sew Tanning Agent for Mijced Tanning ? — We recall 
here the old obsolete tanning experiments now forgotten, as well as 
new applications in the working of mixed tanning. One of these is 
fat emulsion, which may presently become of great importance. In 
mixed tanning two methods are used for preparing the leather, i.e., 
^ According' to PRtner. 
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mineral and vegetable tanning, which are distinguished by several pro- 
perties in the different processes for preparing mixed leather, and 
which will go on increasing later on, according to custom, to a greater 
or less extent. As an example of mixed leather prepared almost by 
the old process, we may quote that done on the same principle as the 
Danish method for gloves and bandages prepared with alum and the 
vegetal^le tanning which follows afterwards, which is distinguished from 
alum leather by its softness and its strength. Eitner found in the stuffing 
of an armour a mixed leather of this nature, dating, according to the 
archives, from the time of Marguerite Maultasch, from which it may be 
deduced that mixed tanning was known long ago, and that it was 
known how to appreciate it at that epoch. The old process of mixed 
tanning can now no longer be taken as the starting-point of that of 
to-day, as mentioned above, because here, moreover, it is the outcome 
of clirome tanning. As already pointed out by Eitner in his work on 
chrome tanning, the imperfections of this method of tanning have been 
attributed to this fact, viz,, that with this process leather cannot be 
obtained with its full yield and that its preparation causes difficulties ; 
finally, a badly tanned product is obtained, the result of the chrome 
tan on the vegetable tan. Vegetable tanning is carried out to-day on 
almost all skins already treated by chrome, and on a larger scale on 
the leathers sold as mixed leather. Thus, with mixed leathers treated 
by alum, those may be distinguished which have been more or less 
treated with vegetable tan. This replacing of mineral tanning by 
vegetable tanning is not easily accomplished and checks are easily 
encountered in experiments of that nature. One reason for this is 
that when vegetable tanning immediately follows the biting chrome 
tanning, a leather with a broken rough grain results ; another reason 
is found in the fact that the right materials are not used for the 
purpose, which should be tanning substances yielding a soft tannin, i.e., 
those which easily bring up the colour, but which do not tan with the 
same rapidity. As light tanning materials capable of being used for 
mixed tanning, japonica, cutch, gambier, sumacs, soluble quebracho 
extract, galls, may be quoted. Of these substances japonica and 
gambier are the most used in practice, sumacs very little, whilst galls 
have not yet found any safe use. Of all these materials it is R. Catechu 
or R. Gambier which has proved best for replacing mineral tan, whilst 
gambier, sumac and galls and soluble quebracho extracts are best applied 
in a complementary manner or as adjuncts to the catechu tanning. The 
good assimilation of the tanning matters ,of R. Catechu has led to the 
result that after having been introduced into mixed tanning and 
Dongola tanning, and their great uae in American practice for dyed 
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leather and black leather, prices have risen very remarkably, thus 
increasing the cost of tanning. Hence the need to seek an equivalent 
not only in the tannery but in dyeing, where catechu preparations have 
now assumed greater importance and a more extensive use than in 
tanneries. Eitner is unaware whether these preparations advantageously 
take the place of catechu in dyeing, but in tanneries, as far as the 
substitutes tested by Eitner are concerned, catechu substitutes have 
not taken their place. In recent experiments on mixed tf.nning for 
coloured leather and for boot-making, Eitner observed that during the 
transition from the mineral tanning to the vegetable tanning certain 
kinds of cutch were more suitable than others ; these are also the best 
in dyeing. These sorts are, for instance, Pegu, Coromandel, etc. 
They have lately been put on the market under different names and 
sold to consumers as catechu substitutes. 

The good varieties of catechu which are employed in mixed tanning 
are much less used than the inferior quality, which likewise 
in dyeing is only slightly valued because it has not got the 
same tannin content as terra japonica. Eitner found that the so-called 
cachou, prepared by the action of bichromate on terra japonica, scarcely 
tans at all in actual practice, but can be used very well in mixed 
tanning. In Eitner’s experiments on mixed tanning with catechu, his 
attention was drawn to a substance, which has been mentioned by 
others as an intermediate between a tanning and a colouring principle, 
and which thus promised to occupy a similar position to the different 
kinds of catechu and prepared catechu in dyeing, for which it appeared 
to Eitner to act in the fit capacity of a substitute. As a starting- 
point for this substitute, Eitner thought of Rhizophora barks, of 
which mangle bark is a species, and which are to-day offered on the 
market under the name of tanners’ mangrove. As a tanning prin- 
ciple, mangle or mangrove bark has not maintained its initial price, 
although it has been known and boomed” for some time. When 
Eitner, in 1877, gave the results of his experience of mangle, he said 
that in spite of its defects it might very well be used in tanning. More 
than twenty-five years have elapsed since its first use in tanning. 
Eitner was obliged, some time ago, to report unfavourably on tlie 
value of this bark, which he tested more as a dye than a tanning 
agent, because it had produced hollow leather, and that, even in ad- 
mixture with other barks, it did not give good results, in spite of the 
very low cost of making the resultant leather (reasons why it could not 
compete). But ptedsely when it was believed that this tanning pro- 
perty attributed Inline Rhizophora was not applicable in common tanning, 
owing to its povert 3 ^in tanning substances, its composition was found to 
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be of great value in mixed tanning. Moreover, just as catechu is not 
a current natural product, but a manufactured article, and only in 
that condition can accomplish its object, so Rhizophora barks are 
not fit to fulfil directly their part in mixed tanning without having 
undergone suitable preparation. Amongst the different catechu sub- 
stitutes, some are to be found made from mangrove bark, in which 
efforts have been made to remedy the insufficiency of tanning matter 
by means of strengthening substances, which Eitner found useless 
in mixed tanning for the preparation of an appropriate product ; there- 
fore, the efforts to increase the tannin content ought to be given up 
and only the colouring principles contained in Rhizophora bark taken 
into consideration to distinguish it from real tannin extracts, Eitner 
received from Paul Gulden & Co., manufacturers of dye and tannin ex- 
tracts, a product which appeared to him to be prepared from Rhizophora 
bark, which answered his requirements, and suited the object in view, /.e,, 
mixed tanning, not only as a substitute for japonica or other tannin ex- 
tracts derived from catechu, but also as an ideal tannin. P. Gulden k Co. 
call the above product R. Catechu, and it is put on the market in both 
liquid and solid condition. Liquid R. Catechu yielded on testing 37 
per cent, of assimilable matter. This percentage agrees with that of 
japonica, which is regarded as a tanning agent. Eitner avoids referring 
to the active principle of R. Catechu, which differs from the active prin- 
ciple of other timing agents. Solid R. Catechu contains about 65 per 
cent, of active substances, a percentage exceeding the other better 
qualities of catechu. In a comparative test to determine the effects of 
the active substance of Pegu Catechu and R. Catechu, Eitner found 
them equal in the two samples: 100 parts of leather tanned by the 
mineral process absorbed 7*32 of Pegu Catechu, and 8-02 of R. Catechu, 
which gave a small difference of the skin in favour of R. Catechu. In 
this case, the extracts were used, in proportion to their strength, in 
active ingredients, i,e,, the Pegu Catechu with 50 per cent, of substance 
as 100, and the R. Catechu with 65 as 80-3, i.e., 100 parts of Pegu 
Catechu are equivalent in working to 80*3 parts of R. Catechu. 
Chemists may here protest that PLitner merely took into account Pegu 
Catechu and R. Catechu without proving that they resemble or are 
equal in chemical composition, which a prioii is not very likely, and 
since, like Eitner, chemists, moreover, do not know the exact chemical 
nature of tanning substances, they need not for the moment be dis- 
cussed. The above practical results need alone engage attention, be- 
cause they are of exclusive importance in industry, these tw'o products 
being about equal. Taking R. Catechu for tanning purposes, Eitner 
assumed that the colouring principles of Jthe Rhizophora, as well as other 
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vegetable colouring principles, attack the tanned, fibres or fabrics mor- 
danted with metallic salts, which does not occur at all or but little 
with the non-tanning substances. These colouring principles of the 
Rhizophora are also carried or struck ” on to the fibres of the skin, and 
may exercise on them a similar effect, i.e., favourable for mixed tanning. 

Method of Ushig R. Catechu. — Eitner believes that R. Catechu may 
be more interesting, if mention be made of the results obtained in 
ordinary, i.e., in simple tanning. He made this test t^ find the 
iudep-ndent action of simple tanning on the skin, both on sole 
leatlier and leather for belts. For the tests on sole leather, buff 
arseniated leather was used, because it appeared the most appropriate 
for tanning with a light tanning agent (the greater amount of buff 
leather is tanned with japonica, and it is perhaps so done now in 
Britain, if the price of japonica be not too high), since for buff leather 
for soles the red colour which R. Catechu gives is not only fashionable, 
but highly esteemed in Eitner’s country. The tanning was carried 
out according to the British process, making the preparatory tanning of 
the skins, as they come out of the working in the river, e.e., by placing 
them in steep, giving for the first 8^ to l6^ Barkometer, and for the 
second 1 6 ' to 32^. After this preparatory tanning, which was done rapidly 
and perfectly, Eitner remarked a very fine and delicate grain esteemed in 
the tanning of buff-hides — an astonishing thing, the more so as not hav- 
ing spent liquor he was obliged to use fresh juice. Instead of the 
three usual dips, three stronger dyes were given, because it was not 
desired to use any other tanning agent as a fundamental bath. The first 
dve was supported and strengthened for three weeks with R. Catechu, 
always of a strength of 35^ Barkometer, the second, for three weeks, with 
R. Catechu of 40^, the third with R. Catechu of 45''. As, after ten days, 
the skins absorbed no more tanning matter, they were taken out and 
worked. The finished leather showed itself on the section equally 
tanned, was equally firm and soft, with the fashionable red colour, was 
very thin, but not brittle. But its yield in weight was too small, no 
more than 111 per cent., whilst with another tanning it was 145 to 150 
per cent. It would be impossible to tan with such a result at the 
present time. 

Eitner made a second experiment, but one of mixed tanning, with 
R. Catechu liquors, and afterwards with tannic agents like pine, que- 
bracho, gall-nuts, myrobolam ; the yield was 141*1 per cent. Carrying 
out the tanning in the fulling mill with quebracho and oak-wood ex- 
tract, the yield was 1 39*5. The above results do not bring out the 
considerable advantages of R. Catechu in the manufacture of sole 
leather ; moreover, to-day, in this manufacture, no other kinds of 
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catechu are used. The tanning of calf skins for leather, dyed according 
to the American method, has been very satisfactory. The preliminary 
and the final tanning are done in the same way, with known catechu 
liquors, only it is necessary to work with stronger liquors to produce the 
same effect. For japonica liquors, liquors of 18° Barkometer suffice ; for 
catechu, to secure the same effect, liquors of 24° are required, without any 
superior ^tanning being obtained. For tanning with R. CatecJm, a 
stronger depilatory is required. The leather obtained, according to these 
experiments, had all the properties of leather tanned with japonica, the 
reddish colour of which does not disturb the dyeing ; and, as on selling, 
the weight is not taken into consideration, R. Catechu may then be 
employed in place of japonica or gambler, which costs more. R. 
Catechu is advantageously used in the case of white leathers witli 
mixed treatment. To judge them better, they were prepared with 
japonica and nut-galls. For these tests, calf skins of an average weight 
of 3'6 kilogrammes (say 8 lb.) per piece were taken. After washing 
for two days, they were unhaired for five days in a lime depilatory, 
then five other days in a new, fresh and appropriate lime ; they were 
well cleaned and placed in bran. After removing the skins from the 
bran, they were weighed and laid in the preliminary preparation vats. 
The latter was effected with a solution of 5 per cent, of common salt 
and 1 per cent. ^ of alum. These substances were left to dissolve in 
fifty times their weight of water, and it was with this heated solution 
that the skins were treated in the vat for an hour. The amount of 
alum used here being very small, only a very thin alum tanning is 
obtained, which may be rather regarded as a steep, in the sense of rais- 
ing the colour. But this previous steep sufficed already to bring out, 
in quite another way, the effect of R. Catechu. Afterwards, the skins 
were beaten on a block, and left to stand all night, an operation similar 
to the aeration of tanned goods in getting up the colour. Then com- 
menced the vegetable tanning of the skins, which were treated in 
the same way. Tanning was done with R. Catechu, japonica and a 
fresh extract of nut-galls, or valonia, prepared cold. The first colour was 
given in three experiments of 6° Barkometer, and every two days the 
strength of the steep was increased 1°. So that the strength of the 
liquors on the third day was 7° and the fifth day 8°. The strength of 
the last liquors was, in the three parallel experiments, 15°, and the 
whole of the tanning was done in twenty days. In actual practice 
this time may be brought down to twelve to fourteen days, especially 
if, towards the end, the strength of the liquop is increased daily. 

After this tanning the three sorts were worked together as fol- 
lows. After rinsing, the skins were washed with a 1 per cent, solution 
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of monopol soap ; they were then treated witli a mixture of monopol 
soap and sod oil, and finally dried. The other currying was done 
on dyed and satin leather, tanning the first after folding with 200 
grammes of sumac, and dyeing them. Once finished, the skins with 
R. Catechu were in each imhairing the best ; one could, moreover, 
observe it after tanning, in such a way that, possessing the points of 
comparison, Eitner was entirely convinced that R. Catechu should be 
preferred for tanning dyed leather and leather for boots. Later on, 
he succeeded in imparting special properties to the leather, by modi- 
fications in the preparation of the salt and the preliminary steep. In 
the mixed tanning described, the alum tanning was less important 
than the succeeding mineral tanning. Another test had quite a con- 
trary object, the mineral tanning with alum liquor predominated, and 
the vegetable only served to modify the properties of the leather. 
As the curriers make such leathers as “Dogskin” and “ Nappa,” the 
nappa was the object of this test. The experiments with R. Catechu 
on chrome-tanned leather, after final treatment, will now be described. 
As already mentioned, all chrome-tanned leathers, the grain of which 
has been specially prepared, such as boxcalf and other sorts, receive 
another vegetable treatment, the object of which is to retan the 
grain alone with vegetable matter, that being more readily applicable 
to a “Shagreen” finish. This retouching is somewhat difficult, for 
chrome tanning gives a brittle grain of poor durability, whilst vege- 
table tanning causes the property of the goods, as chrome-tanned 
leather, to disappear more or less. In experiments made with calf, 
horse and sheep skins, the one-steep or dip method was adopted, as 
being more favourable and less dangerous than the two-dip method. 
The following is as near as may be the method adopted. The skins 
are laid in a lime depilatory, twice renewed, unhaired, washed and 
scraped, the grain formed, and then steeped in PicoFs liquor ; they are 
then chrome tanned with Cromul A for horse-hides and calf skins, with 
Cromul B for sheep and goat skins (250 grammes of cromul being 
added per kilogramme of skin (say \ lb. per lb.) to the old liquor). 
After tanning in the pit, the skins stand for twenty-four hours ; they 
are then drawn through Vaughan’s machine, and finally folded. Skins 
intended to be dyed black are steeped in logwood liquor in the vat ; 
they are then tanned with vegetable tannin, and then oiled {fa/uiagc 
de graifi.se). As liquor the following are the proportions per cent, by 
weight of the fold : 3 kilogrammes (6*6 lb.) of Licker’s fat soap dis- 
solved in 50 litres (IL gallons) of water for boxcalf and Hoch- 
lanzleder ; 600 grammes (say Ib.) of potash are added, then 3 kilo- 
grammes (6*6 lb.) of liquid Catechu, or 18 kilogrammes (4 lb.) of 



VABIOUS TANNING SUBSTANCES 


‘291 


solid, dissolving the latter in hot liquor ; for finishing 3 kilogrammes 
(6 6 lb.) of bone fat and 500 grammes (11 lb.) of vaseline are added 
(Dermolin). The skins are treated with this mixture in the vat from 
forty minutes to an hour, according to the kind of skin : sheep and 
goat skins in less than forty minutes, heavy calf and horse-hides one 
hour. Horse-hides are treated with 4 per cent, of soap instead of 3 
per cent., and the other ingredients are increased in proportion. After 
this tresJtr^ent the leathers are left for five to six hours and dried. 
The dried leather is repassed, oiled with bone fat, mixed with 5 per 
cent, of glycerine, then redried. After drying, the leather is black- 
ened with Carvolfne B on the grain, it is aftenvards finished as usual. 
Skins to be coloured are treated as aforesaid. After folding, they are 
uniformly dried. By working thus chrome-tanned leather is obtained 
as dry as vegetable-tanned leather ; the same is the case in the dyeing, 
which cannot be done otherwise. The dried leathers are fulled for 
dyeing in hot water ; the skins intended for bright colours may be pre- 
pared with 60 to 80 grammes of sumac. Washed once, they are dyed. 
If the leather is not to be dyed a bright colour R. Catechu may be 
advantageously used in place of sumac, R. Catechu greatly helps the 
dyeing ; well-covering and well-fed shades are obtained, impossible to 
realise with simple chrome tanning. For the final treatment with R. 
Catechu, 3 per cent, on the folded weight of the leather is dissolved 
in 100 times its Volume of water. The leather is fulled in this very 
weak liquor for about an hour and then placed in the dye bath. For 
dyeing, all the colours used for sumac-tanned leather, acid as well as 
basic, may be used, and there is no need to dry the dyed leather after 
the liquor. 

Having thus obtained good results with R. Catechu, the extent of 
tlie use of this product in mixed tanning has been passed in review. 
This tanning process, by which Dongola leather is made, is greatly 
spoken of at the present time, and is used for calf and sheep skins, 
but chiefly for kips, horse leather for boots, ox-hides and spaltes. 
Very soon a great revolution will take place in the manufacture of kips, 
because, in the same way as in the sale of uppers, the manufacture of 
leather increases by mixed tanning. There is a great importation of 
American uppers made by this method of mixed tanning ; it is there- 
fore time that more attention was given to this method of tanning, 
which has the advantage of being cheap. The following are more ex- 
act experiments in this line : as raw material a low quality of C.C kips, 
weighing 2*5 kilogrammes, and also horsq necks {eucohn'es). The 
treatment of the kips was as follows. Stretch two days in a vat already 
used, but rather strong, then revat with 2(Jper cent, of sodium sulphide 
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on the weight of the raw leather. After vatting leave eight days in a 
lime depilatory, then four days in a fresh lime depilatory (proportion 5 
per cent, of the raw leather). After washing, scraping, they are placed 
for two hours during the night in a bran steep (15 litres of bran per 
100 kilogrammes of raw g6ods), then insert in a picol steep (1 per cent, 
of picol on the naked w'eight) for one hour, then chrome tan. Com- 
mence with a chrome liquor already used, of 12° ; add gradually during 
six hours 25 per cent, of Croniul A ; lay the skins on the block and 
leave them for twelve hours. Neutralise with 2 per cent, of the naked 
weight of sodium sulphide (1 of sodium sulphide in 100 of water) for 
two hours, wash, stretch, fold, and finally dye in R. Catechu. This final 
tanning is preferably done with lively colours, or failing these, with 
colours which may be enhanced. The first dye was given with 5 " R. 
Catechu, which after two hours fell to 2° ; it was then brought to 6 ° ; 
after twenty-four hours it fell to 3° ; it was again brought to 6° ; after 
four days the tanning was finished ; 30 per cent, on the naked weight 
of R. Catechu was used. In practice the consumption fell to 25 per 
cent. In the final tanning the vegetable matter very soon traverses 
the skins. It always penetrates in the same way, so that in each phase 
of the tanning process a method of comparison is at hand by which 
the strength of the vegetable tanning may be increased or diminished 
according to the properties to be imparted to the leather. A very 
interesting point in this tanning is that it is done ' with very weak 
liquors, and nevertheless the skins very quickly absorb the active 
substance ; moreover, there is no need to increase the strength in the 
final stages, a fact w hich does not coincide with the rules of vegetable 
tanning. This peculiarity of R. Catechu renders it possible to work 
skins uniformly, and they can easily be submitted to the final vegetable 
tanning. In regard to kips they are treated similarly, and further they 
are washed and stretched. The increase of weight of the chromed 
leather w^as almost 4- per cent, after treatment with R. Catechu, and it 
could still assimilate tanning substances. Patner, to prove this, took a 
portion and treated it wdth 20 per cent, of chestnut extract and 20 per 
cent, of liquid quebracho. These leathers, retanned for six hours in a 
liquor of 20' to 25° Barkometer, prepared as usual, gave a yield of 1 42 
per cent, after uniform oiling. They were soft, full in the section, very 
uniform, very soft on the flesh side, and their colour, in spite of the 
chrome treatment, showed no difference with bark-tanned leather. 
There can therefore be produced by mixed tanning with R. Catechu 
a heavy, full leather of, good appearance and properties, which, in 
spite of the tanning with chrome, is that of the bark ; finally this tanning 
is cheap and rapid. The othfr kips treated only with R. Catechu were 
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washed, beaten and weighed. The liquor for these consisted of 3 per 
cent, of Ticker’s soap, on the already indicated weight of the leather, 
dissolved in 30 per cent, of water ; 6 per cent, of sod oil was added after- 
wards to this soap solution. The skins were dipped for one hour at a 
temperature of 30'^ R. After this steeping (liquornge) tlie skins were 
drained and dried. Eitner working in different ways made experiments 
on leather of defective grain, varnished leather,” dull sole,” 
boxcalf,” round grain” ; they were easily made owing to the mixed 
process of tanning used. These results are highly important, as they 
enable inferior products to be used, whilst chrome tanning requires ex- 
cellent products. Horse necks, ox-hides, sheep skins may be tanned 
very advantageously for kips by R. Catechu both as regards quality of 
product and yield. It is the same with varnish leathers, or for other 
purposes, where R. Catechu is capable of playing an important part. 
For all these reasons manufacturers should fix their attention on this 
new product called R. Catechu in Germany, or R. Gambier in Britain. 



CHAPTER XI 

MAN'UFACTURE OF LOGWOOD EXTRACT 

I.ogwood . — Wood of Hematoxiflon Campichianum of South America 
and East Indies. The chief varieties are : the cut logwood of Spain, 
Mexican logwood, St. Dominica or Hayti logwood, Honduras logwood, 
Martinique logw'ood, Guadeloupe logwood. Cape, etc., logwood, large 
logs or trunks (Laguna), or as branches and roots which are cut into chips 
with the cutting machine, shown in Fig. 79 and Fig. 79s as used in the 
manufacture of chestnut extract. Disintegration costs a franc per 
100 kilogrammes (say 5d. per cwt.). Hematin or hematoxylon is 
the colouring principle contained in logwood, which, by oxidation in 
the air, or in presence of alkalis, is transformed into hematein, which 
is the real colouring principle of logwood. Hematein yields coloured 
lakes with metallic salts, the most important of whi<^li, those of iron 
and chrome, are much used in dyeing black and dark colours. Alkalis 
turn hematein solutions from red to reddish-violet, whilst acids bring 
them back to yellow again ; concentrated acids turn them red. 
The value of logwood depends on its liematin content. The follow- 
ing table gives the figures by L. Bruelh with different brands : — 

Table XXXI. — Showing Yield of Varioj's Bu.ands of Logwood in .\DrFOu.s 
E-NThact with Pfiicextagk of Hematin in said Extract 


}irrtn<l. 

j Aqueous 
j Extract 

I I>er cent. 

Hematin 
in Aqueouri 
Extract 
pel- cent. 

Brand. 

Aqueous i 
Extract : 
per cent. 

Hematin 
in Aqueou.s 
Extract 
per cent. 

I'ucatan . 

1 20*20 

:i7-40 

Monte Cristo 

18*75 

00*82 ' 

Laguna . 

21-00 

47*05 

Fort-Liberte . 

20-80 1 

54-11 

Dominica . | 

14-02 

58-47 

Jamaican 

18*70 

50*50 1 


Drenching and Prcpcf/ing the IVood . — For tJiis operation the logwood 
chips should be laid in layers (»f 50 to 6() cm. (^20 to 24 inches) 
thick, and so placed in sufficiently capacious space that they may be 
turned easily and frequently. Drenching is carried out, according to 
the nature of the wood and thl use to which it is to be put, either with 
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pu|^ water or water to which there has been added either lime, yellow 
prussiate, permanganate, carbonate of soda or sodium peroxide. The 
wood is generally sprinkled with lime water (0 5 per cent, of lime) 
or with a solution of potassic chlorate and oxalic acid (O' 25 per cent, 
of each), bichromate of potash (1 percent.), carbonate of soda (025 per 
cent.). The proportion of products employed may vary from 1 to T 
per cent, of water, and the length of the preparing process from two 
to ten d^ys. The operation should be pushed to the extreme, when 
the wood is intended for extraction, in small autoclaves or pears,’' 
or even when intended to be used directly in the dye vats. In that 
case, the prepariftion facilitates the development of the colouring prin- 
ciple by converting the hematoxylin into hematein, renders the latter 
more easily assimilated by the water, and enables dyers to proceed 
with a rapid extraction without much loss in a small quantity ot water. 
For the same reason, the treatment of the wood under pressure, in 
close vessels, ought always to be preceded by rational preparation, for, 
in this case, it is important to work with as small a volume of water as 
possible, so as to obtain strong liquors, which constitute the real 
economical principle of the system. However, in an important factory, 
it would not be possible to keep wood in preparation for eight to 
ten days. The difficulty is obviated by the intervention of certain 
oxidising agents to hasten the fermentation. According to the wood, 
its nature, its greater or less freshness on the section, the kind of extract 
to be made (ordinary extract or oxidised extract, Huillard & Co. s 
sort), the length of the preparation, the product or products to be 
used (and the proportions of the latter, which are very variable) are 
not at all definite, and it is the eye of the manufacturer that judges 
the degree of fermentation. In the manufacture by continuous de- 
coction — in open vats — the fermentation should be moderated, because 
the frequent contact of the liquor with the surrounding air gives rise 
to a natural oxidation, which, added to a previous overdone oxidation, 
may lead to a superoxidation, which would cause perceptible loss of 
colouring principle. In such cases, a forty-eight hours fermentetion 
suffices. This last system of extraction is certainly much more simple, 
practical and economical. The manufacture, if well conducted, gives 
good yields, and extracts quite as strong, having at least as much 
body as those made under pressure. On the other hand, the latter 
have more freshness of tone and are more easily assimilated by textile 
fibres ; in terms of the trade they draw more quickly. 

Manufaclurc of l^ogivood Extracts. — As just seen, in a general way, 
logwood is extracted in open vats, the yields to be obtained being a 
factor of the varieties or qualities treated, the preparation which they 
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Jmve undergone and the successive washings used in maceration. As in 
the case of oak-wood extract, logwood requires almost the same plant, 
except that the evaporation or concentration of the liquor is best effected 
in as great contact with the surrounding air as possible, so as to facilitate 
the conversion of the glucosides into colouring principles. To effect 
this the old factories, and even some existing ones, still utilise the lens 
apparatus, which vaporises 0 7 kilogramme of w'ater per kilogramme 
of steam consumed, wdiereas the ordinary triple effect evaporates 18 to 
20 litres of water by the consumption of 7 kilogrammes of steam or 
about 1 kilogramme of coal. 

lields. — These, as already mentioned, are very - variable for the 
reasons stated ; nevertheless, those got by the authors are given liere, 
using nitrite of soda as an oxidising agent, in the proportion of 0*5 kilo- 
gramme per 100 kilogrammes of logw'ood chips (s^iy lb. per cwt.) 
and in the maceration even of a variety of Cape roots. 



Table XXXII. — Yield of Logwood 

BY Extraction in 

Open 

Vats 

1). 



A. 

B. 

c. 

10= 

extract per cent, of wood treated . 

. 74-0 

oo-O 


G7.5 



. 240 

18-0 ^ 

20-0 ^ 

22-.0 ! 

Dry 

of 10= extract 

. 18-0 

17-fi ; 


17-8 j 

,, 


. 1 oo-O 

o2-o 

o3'2 

•U-O ! 


of wood treated . 

. ' 1^-7 

i77 ' 

10-3 ! 

12-0 i 

Kg- 

wood re(iuired to produce 100 kg. 10 extract . , i:i-5 

i 

181 

IGG 

148 ^ 


A, \ ariety not »,'iven ; B, ” A(|uin ’ loj^wood in logs ; C. " Caves ” log\voo<l in long logs, 
hard to grind, rapidly exhausted ; D. Cape roots. 


It is certain from the above industrial yields that the addition of 
oxidising agents to the maceration of the different qualities of logwood 
contributes greatly to an increased yield, but that ought not to prevent 
selection in buying certain sorts in preference to certain others, the origin 
of which already indicates to a certain extent the percentage of hematin. 
On the other hand, roots should be preferred to logs, except as regards 
Laguna, which up to now is one of the best qualities w^hich reaches 
Havre ; it is more costly accordingly. A certain sort of dry extract is 
found in commerce termed ‘‘ resinous,” wdiich is deposited in the de- 
cantation vats, a product due to simple desiccation by the steam of the 
resinous matters which are deposited in the decantation vats for the lO'' 
or I.V extract. Weak extracts deposit in winter up to 9^ per cent, (in 
summer only .3 per cent.), and these resinous substances are capable 
of yielding 10^ extract once more by redissolving them in hot water 
and filtering, so as to keep back wood dust entrained mechanically 
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and .other solid impurities. The following is iht average comp3sltion 
of these dry resinous extracts : — 


Table XXXIII. — Showing Composition of Resinous Deposit from Logwood 


Extract 

Dry soluble extract 

Water 

Insoluble 

% 


Per cent. 
() 0-0 
22 
18 

100-0 


Data Relating to 10"^ Logwood Extract : — 

Resinous pasty ejitract per cent, of 10° extract .... 9*5 

Dry resinous extract per cent 7*7 

„ „ „ „ of pasty extract .... 80*0 

Percentage in 10° extract of resinous pasty extract .... 150-0 


Remarks . — As mentioned above, oxidised extracts yield deep shades 
in dyeing, but less fast in washing, to air, light and chlorine ; they 
have some advantages when used directly in dyeing black. Highly 
oxidised extracts give bad results in calico printing. In buying log- 
wood extracts, the purchaser should be very cautious, for they are 
frequently adulterated. The colouring principle should always be 
estimated, and a dye test made with different mordants so as to assess 
its value. ^ The substances most often used to adulterate logwood ex- 
tract are chestiiiit extract, molasses, dextrine, salt. Sandfort logwood 
contains, for instance, 50 per cent, of pure extract, 25 per cent, of 
molasses, 10 per cent, of dextrine, 12 per cent, of chestnut extract and 
per cent, of salt. There is at present on the market, under the name of 
heniatin or chrysohematin, a logwood extract of great purity. British 
hematin contains 95 per cent, of colouring principle (hematoxylin 
and hematin). American hematin contains 60 per cent., and French 
hematin 75 per cent. The chief French makers of logwood extract 
are Watrigant et Fils, of Marquettes-lez-Lille ; Compagnie Francaise 
des Extraits Tannantes et Colorantes, of Havre. 


^ See “ Use of Logwood in the Tannery,” by H. Jossiar, Bull, du Syud. Gen. 
de V Industrie des Cuirs et Peaux, 10th June, 1901. 



CHAPTER XII 

ANALYSIS OF TANNING SUBSTANCES. THE OFFICIAL METHOD OF THE 

INTERNATIONAL ASSOCIATION OF LEATHER CHEMISTS, WITH SUP- 
PLEMENTARY NOTES 

Only the official method of the International Association of Leather 
Chemists will be described ; the processes based on the precipitation 
of tannin by gelatine, giving rise to errors, and the methods of Lowen- 
thal, F. Jean or other aiithoi-s being now abandoned. 

Method of Analysing Tanning Substances Agreed to by the Association 
o f Leather Chemists, London Meeting, September, 1897. 1. Sampling, (a) 
Liquid Extracts . — At least 5 per cent, of the barrels should be sampled, 
and the sampling should be done on numbers as far a])aii; as possible 
from each other. It is necessary beforehand to undo the casks selected 
and mix the deposit at the bottom of the cask with a suitable agitator, 
and to take care that the adherent deposits, whether on the sides or on 
the bottom of the casks, are perfectly mixed. All samples should be 
taken in presence of a responsible party, 

(b) Gambier and Pasty Extracts . — At least per cent, of the blocks 
should be sampled by means of a tubular tool, passing through each 
block in seven different places. Solid extracts should be broken and 
samples taken from both the interior and the surface, so as to obtain a 
fair average samj)le. In every instance, the samples should be rapidly 
mixed and placed immediately in a bottle or a box cajjable of being 
liermetically sealed, which is sealed and labelled. 

(c) Valonias, Algarobillas and other Eegetablc Tanning Substances . — It 
is necessary' in this case to lay out 5 per cent, of the sacks on superimposed 
layers on a uniform surface and take several samples perpendicular to 
the surface. If it be not possible to work in the manner indicated, 
the samples may simply be taken from the centre of a sufficient number 
of sacks. Whilst valonia and the greater number of tanning principles 
may be sent ground to the chemist, it is preferable that algarobilla and 
divi-divi be not so sent. Bark and other substances in trusses [botte.s) 
should be sampled by cutting a small portion in the middle, in 3 per 
cent, of the trusses, with a saw or other cutting tool. N.B . — If the 
samples be submitted to sevei^l chemists a homogeneous sample should 
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first of all be prepared and divided into a sufficient number of parts, 
at least three. Each portion is then enclosed in suitable vessels, sealed 
and numbered. 

II. Preparation of Samples j or Analysis, {a) Extract Liquid. — Liquid 
extracts should be mixed and agitated energetically before weighing. 
This ought to be done rapidly to avoid loss of water. Thick extracts, 
difficult, to mix, may be heated to 50'' C., then agitated and rapidly 
cooled before weighing. This heating should be indicated in the 
analytical report when it has been resorted to. 

{!)) Solid extracjs are roughly ground, then mixed. Pasty extracts 
may be rapidly mixed in a mortar, and the amount taken for analysis 
weighed as quickly as possible to prevent loss by evaporation. In the 
case of non-homogeneous extracts — half-dry, half-pasty — the entire 
sample should be weighed, then dried at the ordinary temperature so 
that it can be pulverised. It is weighed once more, and the loss of 
weight brought out in the calculation of results as moisture. 

(f) Gambier. — In the case of gambler and analogous substances, it is 
not possible to crush the sample or to render it perfectly homogeneous 
by mechanical means ; therefore in this case it is permissible to dissolve 
the whole or the greater portion of the sample in a small known 
quantity of hot water, agitate to mix perfectly and weigh a portion of 
the solution for analysis, 

(d) Bark and other Solid Tanning Substances. — The whole sample, 
or at least 250 grammes thereof, should be crushed in a mill until it 
passes completely through a sieve of five meshes per centimetre. In the 
case of substances containing fibrous parts which cannot be crushed to 
powder, the sample is first sifted, then the portion which does not pass 
through the sieve as well as that which has passed through it is 
weighed. The amount taken for analysis ought to consist of weights 
of the two parts proportional to the preceding weights respectively. 

III. Preparation of the Infusion. — The concentration of the solution 
of tannin to be analysed should, according to the conference of 1897, 
be such that in evaporating 100 c.cm., the residue be 0*6 to 0*8 gramme. 
At the Paris Conference of I900 it was decided that there should be 
taken as a basis of the amount for analysis not the weight of the dry 
residue, but the percentage of substances capable of being fixed by the 
skin, viz., a solution containing 0v‘>5 to 0*U5 of matter assimilable by 
the skin per 100 c.cm. To secure this result it is necessary to use 80 to 
50 grammes of oak bark or chestnut wood ; 20 to 25 grammes of 
sumac; 15 to 20 grammes of valonia, myirobolams, mimosa bark; 18 
to 17 grammes of divi-divi and algarobilla ; 12 to 20 grammes of liquid 
extract; 8 to 12 grammes of solid extnict. 
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{a) PreporatioH of the Solution of Liquul Kvlracts . — A sufficiency of’ 
the sample of extract is weighed into an open capsule or cup, and the 
extract run into a graduated litre flask, with about 500 c.cni. of boiling 
water. To do this, it will suffice to place the vessel containing the ex- 
tract above a large funnel inserted in the neck of the graduated flask. 
The flask is made up nearly to the mark with cold water, and the 
Hask and its contents cooled rapidly to 15^ to ‘20° C., by a current of 
cold water, and the flask made up exactly to the litre m irk. The 
contents of the flask are then filtered. According to resolutions 
adopted at the conference in London of 1897, and of Paris in 1900, 
this should be done by the aid of Schleicher and Scfiull’s extra-strong 
filter paper 1? cm. in diameter, folded. No. 605. The first ‘200 e.cm. of 
the filtrate are rejected.^ 

When it is impossible to obtain a clear liquid by this j)rocess, a 
■small quantity of kaolin, previously washed with a portion of the 
tannin solution, may be used. Soluble extracts are dissolved by agibi- 
tion in an Erlenmeyer flask with boiling water. They are left to 
stand, decanted into a graduated vessel, and again exhausted with boil- 
ing water until complete solution of the soluble subsbiiices contiined 
in the extract is effected. The sequel of operations is conducted as 
indicated under "^Liquid Extracts’". 

(5) Preparation of the Solution in the Case of Solid 'Panning Substances . — 
A certain amount of the substance is weighed, such as is capable of 
yielding a solution included within tlie limits previously indicated. 
The exhaustion ought to be effected at a temperature below 50° C. 
<122 F.), so as to yield a solution of at least 500 c.cm,, then by con- 
tinuing to heat to 100 C'., so that the exhaust liquid contains no more 
tannin, all the liquors are collected and made up to a litre. If the 
aggregate of the solutions exceed this volume, it will suffice to concen- 
trate the liquors from the last exhaustion. The arrangements for 
preparing the solutions are given farther on. 

^ It was important to deline well the conditions under which tiltration should be 
carried out. It has, in fact, been demonstrated that all tiltering substances, such 
as paper, kaolin, sand itself, ab.soib variable proiKutions of tannin. See Searle, In- 
Jluence of the Substances Used in the Determination of Soluble Matters^ H. a. C., 
1900, pp. 7dl and 747. On the other hand, certain solutions of tannin remain 
turbid for a Ion*,' time, and it is inij)ossible to clarify them by deposition. At the 
Liege Congress of 1901, Dr. Paessler gave the results of experiments that filter paper 
No. 005 was not always uniform ; in spite of that, the use of that paper was con- 
tinued to the Leeds Congress of 1902, where the difficulty was to be settled. Dr. 
Paessler comparatively tested tlvi use of Schleicher and Schulfs filter papers No. 
597 and 002, and found very notable differences in the results obtained, according to 
whatever number was used {Zcit. f. Ang. Chem., 1900, p. HIH, or Monit. Quesn., 1901, 
p. 595 . ^ 
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IV. Analytical Determinations, {a) Total Soluble Matter . — 100 c.cm. 
of the clear filtered tannin solution ^ are evaporated on the water bath 
in a tared platinum capsule or simply in a porcelain or nickel capsule. 
The capsule is then dried at 100^ to 105" C. in the air oven,^ or even at a 
temperature lower than 100^ C. in vacuo to constant weighty taking care 
to avoid loss by decrepitation of the residue. The weighed residue is 
calculated to per cent, of sample. 

{1)) Determination of Non-Tannins. — The London Conference of 1897 
decided that the skin method with Procter s filter should be adopted ; 
the decision was renewed in the Paris Congress of I 900 . The arrange- 
ment adopted carry out this determination consists of a small flask, 
with an elongated neck, and closed by an india-rubber stopper, through 
which a fine tube of .30 c.cm. in. length passes, bent in the form of a 
siphon. The flask has a diameter of .3 cm. and a cubic content of 
10 c.cm. The extremity of the tube, ending inside, is fitted with a 
small plug of cotton or glass wool. The flask is filled uniformly 
with hide powder, slightly packed, and downy. The filling of the flask, 
to get the best results, requires some practice ; if, in fact, tlie skin powder 
be too tight, as it swells in contact with the liquid, the flow is insufli- 
cient. If, on the other hand, it be packed too loosely, the liquid runs 
in gushes and does not give up its tannin uniformly. The tendency, 
on the other hand, which the liquid possesses to pass up the sides of the 
flask being granted, it is preferable to pack the hide powder rather 
tightly against the sides, and to leave it much looser in the central 
part.:^ When the flask is filled the hide powder is kept in position by 
a piece of muslin, fixed by india-rubber. 

The 1897 conference specifies that the flask should contain at least 
5 grammes of hide powder ; the dimensions of these must, therefore, 

’ If a balance weigliing to N inilligminine be used, it is better to work on 25 
c.cm. of liquid only. 

•-Generally three hours sutlioe for complete desiccation. A weighing is made 
after this lapse of time, then tlie capsule is replaced in the stove for an hour 
and a half; there should not be a difference of more than 0*002 gramme between 
the two weighings. It is quite evident that before weigliing the capsule should be 
allowed to cool in a desiccator. If the residue be allowed to dry too long in the 
stove after a certain time, it will increase in weight owing to incipient oxidation 
oven before drying is complete. 

In 1805, to obviate this drawback, Cerych {Gerb., 1895, p. 241) proposed to 
prepare the filtering layer with a mixture of skin lewder and filter paper pulp. He 
thus got over the dilliculty of the tanning liquor, following, by capillarity, the sides 
of the vessel, instead of traversing the skin powder (see Paessler, Zeitschf. Ang. CJiem., 
1900, p. 318, or Monit. Qztesii., p. 398, 1901) 
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be calculated.^ The hide powder should jx)ssess sufficient absorbent 
power, and it should be such that, in making an experiment with dis- 
tilled water, working the same way as for an analysis, the dry residue 
obtained by the filtration of 50 c.cm. should not exceed 5 milligrammes. 
The filter is placed in a Bohemian glass flask, and the tannin solution 
to be analysed, 100 c.cm., is gradually added to this flask, so that the 
skin powder is moistened by capillarity, which requires about an hour. 
When the filter and the flask are full of liquid, the siphon is set by 
aspiration by means of a small rubber tube. The liquid wJiich flows 
into a graduated vessel is set aside so long as it gives a turbidity, 
with a clear solution of tannin ; then the liquid is collected, until it 
gives no reaction with the first portion of the filtered liquid - ; generally 
the first portion of the filtered liquid measures ,30 c.cm. and the second 
bo c.cm.s When the filtrate still contains tannin, it is better to begin 
the operation completely over again. The analysis may, however, be 
approximately corrected, by adding a small pinch of powdered skin and 
a little kaolin to the filtered liquid, which would in that case show a 
larger volume than 60 c.cm. Agitate repeatedly, let stand for an hour 
in a cool place, and filter through paper. When the filtration is com- 
plete, a known volume of the liquid from the second portion is drawn 
off, 50 c.cm. or slightly less, and evaporated on a tared capsule on the 
water bath and dried to constant weight in the Wiesnegg’s air bath, at 
a temperature of 100' to 105" C., or in vacuo below ^00^ C. (see J. 
Xoyer’s drying oven at the end of this treatise). The weight found, 
brought to the volume of the liquid filtered, and then to 100 grammes 
of the substance used to prepare the liquor analysed, gives the percent- 
age of non-tannins. 

(c) Determination of Moisture, — Moisture is determined, on a j)ortion 
of the sample, by drying in Wiesnegg’s drying ov en at a temperature 
of 100 to 10.3 C. or in vacuo, at a temperature below 100' C. The 
result is brought to 100 grammes of substance. 

' The Turin Congress of 1H04 <leci<le<l that the dimensions should be 7 cm. 
in total length by a diameter of 3 cm., and of 1-H cm. diameter at the neck. It was 
decided also that 0'-3 to 7 '> gframmes of powdered skin were to be taken in the 
future for each analysis. 

-The soluble substances of the powdered skin, contained in the first portions 
of liquid filtered, constitute a more sensitive tannin reagent than gelatin. 

" The time required for filtration, after the skin powder has been well moistened, 
should occupy about an hour. When filtration is very slow, and it lasts more than 
two or three hours, the prox>ortion of .soluble substances ceded by the powdered skin 
is increased, and the same occurs in the case of the proportion of non-tannins. If 
the laboratorj' temperature be too high, the weight of the non-tannins is likewise 
increased ; it is necessary to work at IH"'^ to 20° C. 
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V. Expression of the Results. — The results of a complete analysis 
ought to be expressed as follows : — 

(1) Tanning Matter Absorbed bp the Skin. — The amount of this is 
obtained by deducting the weight of the soluble non-tannin from the 
total weight of soluble substances. ^ 

(2) Soluble Non-Tanning Matter or Non-Tannins. — Their determina- 
tion has been given above. 

(3) Insoluble Matter . — The weight of this is obtained by deducting 
the total soluble matter from the dry weight of 100 grammes of the 
sample. - 

(4*) Moisture.— At is calculated as above. Remark . — When other 
determinations have been made they should be given on a separate 
report.^ 

Supplementarp Notes on the Preceding Method. I. Apparatus used for 
the Exhaustion o f Solid Tanning Substances, {a) Koch's .ipparalus. — This 
apparatus consists of a 200 c.cm. flask with a wide neck, which should 
be of thin glass, and well tempered to stand the heat of the water 
bath. This flask is closed by a rubber cork traversed by two glass 
tubes ; the first tube enters slightly inside the flasks, the second dips 
down to the bottom, enlarging slightly to the shape of a funnel. The 
extremities of these tubes are fitted with a piece of silk gauze so as to 
prevent the entrainment of solid particles. The flask may be dipped 
into a water br^h ; the first tube may be put in communication by 
means of a tube fitted with india-rubber tubing, and a clip with a 
water reservoir placed To metres above (say o feet). The second 
tube, likewise fitted with an india-rubber tube and clip to torm a siphon, 
dips into a graduated litre flask. There is first introduced into the 
flask a layer of about 2 cm. of fine sand washed witli acids, then the 
known weight of pulverised tanning substances is added and the cork 
and its tubes inserted. There is no need to trouble about the dis- 

nt is eviilcnt that tli ■ wci^Oit tluis obtained does not represent in an absolute 
manner the tannin absorbed by the skin. It has been seen that the lattei ab^oib:? 
the colourin^^ principles which accompany the tannin as well as K'idhc acid. The 
latter acid exists in rather lar;;e proportion in certain vegetable tans, like sumac for 
example. Acetic and lactic acids are likewise absorbed when they exist in the 
liquors submitted to analysis. 

-.\t the Turin Congress, 1904. it was decided that an extract would be regaided 
as soluble in the cold if it did not contain more than 2 per cent, of insoluble. 

-In certain special cases, and in particular in connection with the analysis of 
extracts with an alkaline reaction, it is often necessary to modify the official method 
in certain particular points. In such a case the a^nalytical repoit should meihion 
the method of working pursued. See Rapports sur les tracaux presents an oe Con- 
gress tenu a Lirge (Dr. Nihoul), 1901, p. 70. 
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arrangement of the layers produced at this moment, because owing 
to its density the sand resumes its place as soon as water is introduced 
into the flask. Moreover, in the case of fibrous substances it is prefer- 
able to first fix the second tube after having raised the cork by gliding 
it along the tube ; the sand is introduced and then tlie substance 
to be exhausted. When the filling is finished the cork is inserted and 
the whole firmly fixed or made fast either by means of string or by a 
special arrangement. When the water has reacted sufficiently the 
clips are opened, the tannic liquor from the vessel is forced into the 
graduated flask and replaced by pure water, the clips are closed again 
and the exhaustion continued. It is even preferable, to facilitate the 
{>assage of the liquor from the vessel into the flask, to add a third 
tube closed by a clip which is blown through after closing the first tube. 
The vessel can thus be completely emptied before filling it with pure 
water. 

(A) Procter s Apparatus. — This apparatus, more simple than the pre- 
ceding, consists essentially of a Bohemian vessel which may be heated 
on the water bath {hain marie) ; into this vessel dips a reversed funnel, 
the tube of which is bent twice at a right angle to form a siphon. The 
mouth of the funnel is closed by a piece of silk gauze and rests on the 
bottom of the dish. To the end of the tube a drawn-out piece of tube 
is joined. The bottom of the Bohemian dish is lined with sand, washed 
by acids, and above it are laid the tanning substances to be exhausted. 
Water is added and heated to the desired temperature on the water 
bath, and when the first exhaustion is judged sufficient the liquid is 
aspirated into another vessel. 

(c) SoxhleCs Apparatus. — Some chemists use Soxhlet’s apparatus for 
the extraction of tannin, but it is evident that this apparatus cannot 
be utilised for the application of the official method described above. 
In fact, in the Soxhlet, extraction is effected at 10(T C., whilst, according 
to the preceding indications, the major portion of the tannin should 
be extracted first at a temperature below .50" C. The temperature of 
100 C. should only be reached at the end of the process, and only 
kept up for as short a time as possible. 

II. lujiueuce of the Temperature of the Extraction on the Results iu 
Asximilahle Tauuin. — It has been seen in regard to the manufacture of 
extracts : (1) That there existed for each tanning substance a tempera- 
ture at which the extraction yields the maximum of tannin, other things 
being equal. (2) If the operation be performed at increasing tempera- 
tures, higher than those which have just been quoted, larger and larger 
amounts of tannin are destroyed, besides it is the most soluble tannin.s, 
and consequently those which are dissolved at the outset, which are 



ANALYSIS OF TANNING SUBSTANCES 


305 


converted into inert compounds. ('^) By prolonged ebullition the non- 
tannin extractive matter present in the vegetable tanning substances, 
which were originally insoluble, become soluble, and the more the ebul- 
lition is prolonged the more does the water become charged with such 
substances. The result evidently is that the proportion of soluble non- 
tannin matter is the function of the duration and the number of the 
exliaustions with water. From the three preceding remarks it may be 
concluded that the results obtained in the analysis of the same tanning 
substance depend greatly on the conditions under which its extraction 
was carried out. It was on that account that it was quite decided at the 
London Conference*of 1897 that the exhaustion should be done at a 
temperature below ,50^ C., so as to entrain a greater part of the tannin 
at a somewhat low temperature, and avoid, on the one hand, the solu- 
tion of insoluble substances, and on the other hand the transformation 
of assimilable tannin into soluble non-tannin. After this first treat- 
ment, which removes the most soluble tannins, heat may be applied at 
100^ C. to terminate the exhaustion, without introducing any very im- 
portant errors. It is to be hoped, however, that a future conference 
will define, in a still more precise manner, the conditions under which 
this operation should be carried out, so that analyses from different 
sources might be comparable with each other. 

III. Preparation of Hide Po/rder , — The following is tlie method by 
which hide powder is prepared at the Vienna Research Institute. 
An ox skin is well steeped and washed in such a way as to be well 
freed from blood or clot. It is limed for eight days, scraped and 
unhaired in the ordinary way, and finally cut into pieces of a square 
centimetre. These pieces are treated with a dilute solution of hydro- 
chloric acid (1 per cent, of pure concentrated acid) until they are slightly 
swollen ; they are washed with much water to eliminate the acid com- 
pletely ; stretched on a table and dried as rapidly as possible in a current 
of cold air. Immediately before disintegration, they are submitted 
for a somewhat long time to a temperature of about iO C. (104< F.) , 
they are then passed several times through a mill consisting essentially 
of two discs, the one fixed, the other mobile, the latter being fitted 
with teeth arranged in concentric circles alternating with the teeth 
of the fixed disc. The powder is first ground with the two discs a 
little apart, the operation being finished by bringing them much 
nearer. The method just described is almost identical to that given 
by Schroeder ; ^ however, in the latter, drying is carried out at a 
higher temperature, and moreover a steel mill i^ used identical in shape 
^ Berichte der Commission zur Feststellung einer cinlieit lichen methode der 
Gerbstoffbcstimmung (Cassel, 1885). 


20 
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with a coffee mill. It may finally be pointed out that the skin powder 
of Freiberg contains variable proportions of jiaper powder. Several 


Fio. 103.— Water bath for the estimation of soluble matter and non-tannins in the 
analjsi^ of tanning substances (J. Noyer). 

chemists, Procter in particular, have made comparative tests of 
different species of skin prwder, but the results obtained up to now 
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are not sufficiently conclusive foi.* there^being occasion to use any one 
determined skin powder exclusively. ^ 

The conditions which a hide powder intended to fill Procter's filter 
should fulfil are the following : — - 

(1) It should be white, soft to the touch and downy. If it possess 
a putrid odour and a greyish colour it should be rejected, because it 
has been derived from a skin which has undergone putrefaction, and 
the results obtained by its use are abnormal. 

(2) In making a blank analysis with distilled water, rejecting the 
first ,30 c.cm. and evaporating afterwards .50 c.cm. of the filtrate to 
dryness, a greater residue than 4 to .5 milligrammes should not be 
obtained. 

1 At the Leeds Congress, 1901, it was provisionally agreed that Freiberg skin 
powder, containing as a maximum 20 per cent, of paper celluloseJ(Mehner and 
Stransky, Freiberg, Saxony) should be used for the application of the official method. 
At the Turin Congress of 1904, this resolution was confirmed up to the Frankfort- 
on-Maine Congress, September, 1906. 

“Procter, Leather hulmtries Pocket Book,, 1898, p. 115. 




APPENDIX TO CHAPTER III., PART I 

The continuous rectification plant for wood-spirit, described on pages 
,58-652, does not include a description of Guillaume’s continuous rectifica- 
tion plant. The following description and claims in respect of Guil- 
laume’s method, kindly supplied by MM. Egrot and Grange, of Paris, 
speak for themselves. 

Continuous Rectifier for Rectifvixg Wood-Spirit 

The continuous rectifier, on Guillaume’s system, shown in Fig. 104, 
used for wood-spirit, is a modification of that used for ethylic alcohol 
(grain, etc., alcohol). In this apparatus the products are separated in 
a regular manner. The difficulty of separating the pure products 
from the impurities will be appreciated, from the fact that it is neces- 
sary to vary the quantities extracted precisely according to the im- 
purities present in the liquids to be rectified. The efforts of Guillaume 
have been directed towards obtaining the necessary regularity by 
fitting the apparatus with a “ fly-wheel ” to cope with slight fluctua- 
tions. The following description explains how Guillaume has secured 
the remarkable results to which the adoption of this apparatus is due. 
The plant, as a whole, consists of a purifying column BB, in which 
the most volatile portions are removed ; the alcohol then passes into 
the concentration column, C, which is supported by a wrought-iron 
receiver, V, called the accumulating receiver. The last runnings are 
extracted in the lower part of the concentration column and the 
almost pure alcohol is extracted from the top of the rectification 
column to undergo afterwards a slight distillation in the column DD , 
in which the final purification is accomplished, from which the alcohol 
passes to the exit test glasses. The sjjent or exhausted phlegm 
issues from the concentration column to pass into the exhaustion 
column, E, from which it is ejected q^^ite free from alcohol. The 
plates on which the concentration of the vapours and their purifica- 

( 309 ) 
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tion are accomplished are of a peculiar system in which the liquid is 
made to undergo a bubbling action as many times as there are caps. 
These plates have considerable exhaustion capacity. The accumulat- 
ing receiver (Fig. 105) mentioned above plays an important part in the 
working of this apparatus. According to Guillaume, amongst the ob- 



Fio. 104. — Continuous rectifier for rectifying wood-spirit. 


Stacies to continuous rectification which his predecessors encountered, 
the most important was the regulation of the apparatus, into which on 
the one hand there enters an alcoholic liquid, and from which on the 
other hand there issue (1) the liquid from which the alcohol has been 
extracted, (2) the alcohol which has been separated from its im- 




CONTINUOUS RECTIFICATION OF WOOD- SPIRIT 


311 


purities and collected apart. It will be readily understood how diffi- 
cult it must be to adjust the apparatus, so that the pure alcohol and 
the impure alcohol extracted represent very exactly the same quantity 
as that which entered therein. The delicate point is to get the 
alcohol issuing from the columns by the test-glass taps to balance with 
the alcohol introduced by the feed, without which balance the strength 
lowers at the bon goiit (purified alcohol) test-glass tap, or, on the 
other hand, a portion of the alcohol goes down the drain with the 
residual waters, if matters be not remedied in time. The per- 
manent supervision of the working of the rectifier does not remedy 



these serious drawbacks, but in an imperfect manner. Whatever 
efforts be exerted, variations in the strength and purity of the rectified 
alcohol and loss in the spent wash cannot be avoided. The use of the 
accumulating receiver deals with these difficulties. This consists of a 
receiver, V, constantly traversed by the alcoholic liquid at a certain 
part of the apparatus, and is completely filled by this liquid. It 
forms a sort of regulating “fly-wheel” of constant volume, capable, 
owing to its mass, of automatically absorbing the momentary excess 
of alcohol which may be produced in the Column without the general 
working being affected, and in such a way as to place the routine 
working of the column under stable eijuilibrium. At the spot where 




312 


CONTINUOUS RECTIFICATION OF WOOD* SPIRIT 


this accumulating receiver acts the alcoholic liquid may very well 
lower or increase in strength by 10° or even 20° G.L., without that 
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causing any perceptible repercussion, neither on the plates above 
nor on the exhaustion, and without any appreciable disturbance of the 
classification on the plates. By giving to this receiver, for instance, a 
capacity of 20 hectolitres it will absorb or restore 4 hectolitres of 100 
per cent, alcohol for a total variation of 20° G.L. on the plate, say, 
10° G.L. below or above the average degree. It will thus easily cope 
for four hours with either insufficient or excessive feeding, correspond- 
ing to 100 litres of 100 per cent, alcohol per hour on the flow from 
the test glass. This example will suffice to explain the important 
function which is attributed to this organ in Guillaume’s apparatus. 
The regularity of the apparatus is still further secured by means of the 



automatic regulation of the steam and the cooling in the condensers. 
The regulation of the steam heating is accomplished by an adjustable 
regulator {rcgukiteur a regime variable) (Fig. 106 ), by which the working 
pressure may be varied at any moment without stopping the working 
of the rectifier. The consumption of steam is greater in any given ap- 
paratus the greater the pressure at the bottom of the column ; that is 
to say, if this pressure be increased the consumption will be greater, 
and, on the contrary, it will diminish if the pressure be diminished. 
The advantage of being easily able to regulate this working pressure 
so as to adapt it to the work to be done I5y the apparatus and to keep 
it as low as possible will b^ readily understood. If the amount of liquid 
to be distilled increases, the pressure is*iiicreased so that sufficient dis- 
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tillation may be produced whilst thorough exhaustion is at the same 
time maintained. If, on the other hand, the quantity of liquid to be 
distilled diminishes, this pressure is lowered so as only to consume the 
steam required to ensure thorough exhaustion. Fig. 1()6 shows this 
regulator in which the upper vessel is supported by screw bolts form- 
ing pinions which can be wrought by means of a chain. By turning 
the pulley, V, these screw bolts are caused to ascend or, descend 
together, and consequently also the upper receiver, which thus in- 
creases or diminishes at will the height comprised between the upper 
and lower receiver. The vertical rod which manipulates the steam 
distribution valve is extensible so as to adapt it to the variation in 
height of the upper receiver. Finally the bottom of the lower receiver 
has a sheath containing the plunger pipe (which slides therein) 
through which the liquid going to the upper receiver passes. The 
water feed is regulated automatically, so as to maintain a constant 
pressure in the condenser. Guillaume’s automatic water-feed regulator 
consists of two communicating vessels (Fig. 107), of which one, which is 
completely closed, receives the pressure from the condenser. This 
pressure acts on the water contained in the communicating vessels ; ami, 
under its influence, the water rises into the other receiver which is open 
to the air, and raises a float, which works the valve which feeds the 
water into the condenser. The value of this appliance on a very simple 
plan is more especially enhanced by the right proportion of its organs, 
its good construction, its absolutely safe working. It regulates within 
very narrow limits the amount of water with which to feed the con- 
denser according to the vapours to be condensed. Guillaume’s 
apparatus works, generally, with the water tap full on. It is the valve 
of the regulator which alone regulates the water feed. 
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Acacia curupy, 258. 

Acacia (mimosa, wattle bark), 280. 
Acclimatisation of Australian wattle- 
trees in France and its colonies, 280. 
Acetates — manufacture, properties and 
uses of : — 

Aluminium, 70, 80. 

Ammonium, 70, 80. 

Amyl, 84. 

Calcium, 70. 

Chromium, 81. 

Copper, 73-75, 87. 

Ethyl, 83. 

Ferric (iron per.), 72. 

Ferrous (iron proto.), 72. 

Glj’cyl. See Acetin. 

Iron. See abov^. 

Lead, 75-77, 81. 

— basic, 77, 81. 

Lime, 28, 34-37, 38, 45. 

— brown, 34, .37. 

— grey, 28, 34. 

— wliite, 70. 

ISIethyl, 55. 

Plumbic. See Lead Acetate. 
Potassium, 50, 64-05. 

Sodium, 05-70, 70. 

Tin. 81. 

Zinc, 72. 

Acetic acid, French imports and exports 
of, 2. 

density, 104-5. 

manufacture, 38-52. 

— — properties, 0. 

rectification, 48-52. 

from acetate of soda, 38. 

from acetate of lime, 39. 

hydrochloric acid process, 39-41. 

sulphuric acid process, 41-48. 

Acetic anhydride, 53. 

— ether, 83. 

Acetimetry, 104-0. 

Acetiu, 77-78, 80. 

Acetone, 27, 29,30,32,84-87,107-9.110,111. 

— properties, 0. 

— recti ticaiion, 03-04. 


Acetone retorts, SO, 

— stills, 53-04. 

— uses, 84-85. 

— yield, 85. 

Acid, acetic. See Acetic Acid. 

— butyric, 4. 

— formic, 248, 272. 

— hydrochloric, 39. 

— lactic, 204. 

— nitric, 93, 205. 

— oxalic, manufacture of, 93-95. 

— propionic, 4. 

— sulphuric, .39-42, 102. 

— sulphurous, 260-04. 

— tannic. See Tannin. 

— valeric, 4. 

Adjunct to tanning, oak extract as, 252. 
Adulteration of logwood extract, 297.^ 

Air pumps for mutiple effect evaporation 
in vacuo, 224-25. 

Albumen, 255. 

Alcohol, allyiic, 109. 

— amvlic. 4. 

— crotonylic, 4. 

— ethylic, chloroform from. 82 83. 

— Gay-Lussac's table, 106. 

— Tralles’ table, 107. 

— methylic, French imports and ex- 

ports of, 2. See Methyl Alcohol. 
Alcoholometry, 31, 106-11. 

Aldehyde, ethylic, 55. 

— formic, 55. 

Alder- wood, composition, 3. 

Algarobilla, 187, 293-99. 

Algeria, 2, 266. 

Alkalimetry, 111-13. 

Alkaline bisulphites, 261-64. 

— bromides and chlorides in palmetto 

extract, 274. 

Alkaloids in tanning. 255. 

Alumina, 204. 

Alum in tanning, 282, 285, 289. 
Aluminium hyposulphite, 204. 

— sulphate, 206. . 

Americjb, South ^tannic extract factories, 

development of in), 248, 258-53. i 

U.S.A. ; methods of tanning with 

^tannin extracts in, 274-80. 
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American bematin. 297. 

— sumac, 266. 

Ammonia. 263. 

Ammoniacal liquor, 126. 

Ammonium sulphate, 126. 

Analysis and testing (acliemes for) of — 
Acetates, 104. 

Acetic acid, 104-6. 

Acetone, 107-9, 110-11. 

Creosote, 111. 

Lime, 101. 

Methyl alcohol, 107-10. 

Potassium carbouate (pearl ash), 
potash, salts, ete., 111-15. 
Pyrolignites, 102, 104. 

Sulphuric acid, 102. 

Tannic acid in barks, extracts, etc.. 
298-307. 

Wood-spirit, 106. 

Aniline black, 80. 

Aniline dyes and palmetto chrome mor- 
dants. 275, 278. 

Animal charcoal (sodium acetate filtra- 
tion), 69. 

Afocijiia-cece, 258. 

Argentina, tannic acid extract industry 
of, 258-59. 

Arsenic depilatories, 276, 278. 

Ash of quebracho tanned leather, 156. 
Ashes, wood, 97-100. 

Aspen, 3. 

Aspidtjspenmim {churneuni. pcroba, que- 
bracho), 259. 

Assay. See Analysis. 

Astley Paston Price retort, 15. 
Astringency of chestnut tanning, neu- 
tralising, 248. 

Autoclaves in tannic acid extraction. 
188-95, 234. 

Auvergne, chestnut woods of. 112. 

B 

Bagasse as fuel, 169. 

Bagging up of acetate of lim?, 87. 

Bales of bark, sampling, 299. 

Barbet's system of continuous rectifica- 
tion of wood-spirit and acetone. .58- 
62. 

Bark crushers, 183. 

— liquor, use of, in rapid tanning, 24*^. 

— — weak, strengthening by que- 
- bracho, 264. 

— sampling, 299. 

Bark-tanned leather, 252. 

Barrels (sampling tan wood extracts in), 
299. 

Beech- wood, 3-4. 

Behren’s acetic acid manufacture, 44. 
Belts, machinery, tanning of leather for, 
247-48. 

Birch wood in wood distilling, .3-4. 
Black, tanning of skins to he so dyed, 
275, 290. 


“ Black ” foundry. See Charcoal Wood, 
Olive-kernel Charcoal. 

Blood as tan liquor clarifier, 204-5. 
Boilers (steam), gas producers and fur- 
naces of tan wood extract factories, 

; 161-77. 

Bone fat in tanning, 291. 

Boots, tanning of leather for, 286. 

Borax in tanning, 207, 263, 275. 

Boxcalf, 290-93. 

Boxwood in wood distilling, 3. 

Branches, oak, girth for extraction, 252. 
Branning (bran steep) of skins in tan- 
ning, 276. 279, 289. 

Brazilwood. 278. 

Briquettes (coal blocks), manufacture, 
95-97. 

— machines, 90-97. 

Brittany, chestnut woods of, 128. 

Brown acetate of lime, 37. 

Buff leather, 266, 288. 

— — arseniated, 288. 

Buildings, equipment and machinery 
of wood-distillerv, plan, etc. of, 22- 
27. 

, C 

: Cajola, 186. 

Cake (tanni • sludge), 203. 

Calcination (crude potash), 99-100. 
Calf-skins, tanning of, 265, 274, 276, 278, 
289. 

C.'.lico jirinting, 80. 

Campeachv. 8e > l.ogwood. 

Cane diffusion chips spent as fuel, 169. 
Casks ' tanwood extract), sampling, 299. 
Carvoline B, 291. 

Catechu, 282-93. 

Cellulose, comparative value of (wood 
distilling), 117, 119-20, 123-24. 
Centrifuging (turbining) of — 

Calcium acetate, 70. 

Copper acetate, 74. 

Lead acetate, 77. 

Potassium acetate, 65. 

Sodium acetate, 66, 70. 

Zinc acetate, 72. 

Charcoal wood, 4, 28, 116. 

— olive kernel, 116-26. 

Charlock, ash of, 97. 

Cheiiailler’s evaporator, 211-12. 

Cherry, wild, in wood distilling, 3. 
Chestnut-tree, 1.30-39. 

Chestnut-wood, tannin in, 129. 

— wood, extract manufacture, 128-243. 
— uses, 244-49. 

yield in tannin, 140. 

liquors and extracts analyses, 

160. 

Chimney, forced draught for burning 
spent chips, etc., 171-73. 

Chinese galls, 273, 288-89. 

Chip conveyer, 177-84. 

— cutters and knives, 181-85, 
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Chip granary, 180-81. 

Chloroform, 83. 

Chopping machines, 183. 

Chrome calfs, 283. 

— tanning, mixed, 276, 283, 290. 
Chromium acetate, manufacture and 

use, 81. 

Chrysohematin (logwood extract), 297. 
Churning, 279-80. 

Cisterns, storage for water, acetone, 
wood-spirit, etc., 26-27. 

ClarificatioTi of acetate of lime, 34. 

— of tannic liquors, 203-7. 

Class lists of timber (hard, medium and 
soft), 3-4. 

Coal, 22. 

Coke scrubbers for cliarcoal retort gas, 
20 - 21 . 

Concentration of acetate liquors, 34-37, 
64-77. 

— of tannic liquors, 211-38. 

— pan, sodium acetate, 66. See Eva- 

poration. 

Condensers, pyroligneous distillate, 32- 
33. 

— and scrubbers (charcoal retort gas), 

18-22. 

Congealing point of acetic acid as test 
of strength, 106. 

Conveyers and elevators, 177-84. 

Copper autoclaves wooden vats in 

tannin extraction, 185, 188-95. 
Corsica chestnut forests, 1:10-39. 

tanning extract factories, 240. 

— lentiscus, 256. * 

Cow-hides, tanning of, 277. 

Creosote, wood, 6, 87-93. 

Cromul, 290. 

Crystallisation in motion of acetate of 
soda, 67-68. 

Cuba extracts, 261. 

Currying leather, 290. 

Cutch, 285. (See Catechu.) 

Cutters and knives for wood chips, 181- 
85. 

D 

Dead wood unsuitable for tannin ex- 
traction, 128. 

Decantation of clarified tannic liquors, 
201-4. 

Decolorisation of tannic liquors, 204-7, 
254. 

Decolorising agents, list of, 204. 

Degras. See Sod Oil. 

Density of solutions and of liquids of 
various strengths (tables of) — 
Acetic acid, 104-5. 

Alcohol, ethylic, 106. 

— methylic, 127. 

Calcium acetate, 70. 

Copper acetate, 74. 

Lead acetate, 77. 


Density of solutions and of liquids of 
various strengths (tables oi)~cont. 
Methyl alcohol, 127. 

^lilk of lime, 101. 

Oxalic acid, 95. 

Potassium acetate, 65. 

Sodium acetate, 104. 

Depilatories in tanning — 

Arsenic, 276-78. 

Lime, 276-77, 279, 289, 290, 292. 
Sodium sulphide, 291. 

“ Dermoliu,” 291. 

Diffusion process of tannic acid extrac- 
tion, 185-207. 

Discharging charcoal retorts, 288. 
Diseases of chestnut-trees, 131, 
Distillation of — 
x\cetic acid, .38-53. 

Acetone, 84-87. 

Creosote, 87-92. 

Methyl alcohol, 53-64. 

Pyroligneous distillate, 29-37. 

Wood, 1-29. 

Wood-spirit, 53-64. 

Wood-tar, 87-92. 

Divi-divi, 187, 271. 

Dogs’ dung, 276. 

“ Dogskin,” tanning of, 290, 

“ Dongola ” process of chrome tanning, 
284, 291. 

Dry chestnut extract, 208. 

Drying, bad effects of, on floated wood 
for distilling, 24. 

Dyed calf, 281. 

Dyeing of leather, 278. 

Dyewood extracts. See Fustic, Log- 
wood, Quercitron, Yellow Wood. 

sulphitation of, 260-63. 

Dyewoods. dyeing lea.ther with, 278. 

£ 

Kgg yolk in tanning, 284, 

Electricity in tanning, 247. 

Elevator acetate of lime, ;37. 

Elevators and conveyers, chip, 177-83. 
Ether, acetic. See Ethyl Acetate. 
Ether-extracted tannin, action of air on, 
267. 

■ Ethyl acetate, 8:3. 

’ Evaporation of acetate of lime, 34-37. 
i — of tannic liquors by fire, 207. 

by double effect, 217-18. 

; simple effect, 213-17. 

triple effect, 218-33. 

Evergreen oak, 257. 

Extract factory, specification for, 234-38. 

oak, specification for, 253. 

Extract of catechu, its manufacture 
and use, 282-98. 

— chestnut, 128-238. 

— divi-dtvi. 187, 271. 

— fustic, 261. 

— gall-nuts, 285, 288, 289, 297. 



;318 


INDEX 


Extract of japouica, 285, 287, 288. i 

— khaki, 270-71. I 

— logwood, 294-97. ’ 

• — mangrove, 270, 282, 293. | 

— mimosa, 157, 158, 186, 270, 272, 299. | 

— myrobolams, 186, 273. 1 

— oak-wood, 250, 257. • ! 

— palmetto, 274-80. j 

— quebracho, 258, 265. : 

— quercitron, 261-63. 

— sumac, 206, 261, 267, 269. j 

— tamarix, 266. 

— tara, 251. 

— valonia, 272-73. ; 

— yellow w'ood, 261-63. 

Extracts, tan wood, etc., manufacture : 
and use of, 128-297. 


Horse chestnut in wood distilling, 3. 
Horse-hides, 291. 

Horse necks, 293, 

Hydrosulphite of soda, 262. 

I 

Interest on capital, 237. 

of wood distillery, 28. 

International Association of Leather 
Chemists, rules for analysis of tan- 
nic extracts, 298-307. 

Iron liquors, 72, 80. 

Italian sumac, 266. 

— tanwood extract factories, 240. 

J 


F 


Japonica, tanning with, 285, 287-89. 


Fan for forced draught, 172. 

Felling, indiscriminate, of chestnut- 
trees, 130-39. 

Ferments, 143-44. 

Filter press for acetate liquoi-s, 26, 34. 

for tannic liquors, 199-201. ; 

Filtiation of tannic sludge, mechanical, 
203-4. 

Freight of wood, 23. 

Friction gearing, 183. ' 

Fuel waste pr<^ucts as, 169. 

Fulling mill, 288. 

Furnaces for burning spent chips, 165- 
73. I 

Fustic extract, sulpbitation of, 261-63. 

— in leather dyeing, 278. 

G 

Gallic acid. 257. 

Gall-nuts, 285, 288, 289, 297. i 

Gallo-sumac, 269. 

Gamhier, 270, 285, 298-9. 

Gambier substitute, 274. 

Gas (producers) generators, 165-71. 
Gelatin, 257. 

Generators (gas), 165-71. 

Glace (glazed) kid, tanning of, 276. 
Gloves, mixed chrome tanning of leather 
for, 285. 

Glycerine in leather tanning, 278. 

Goat skins, tanning of, 276-78, 281. 
Guillaume’s plant for continuous rec- 
tification of wood alcohol, 369. , 


Hardwood, 2-3. 

Harness leather, tanning leather for, 
277. 

Hawthorn in wood distilling, 3. 
Hemlock bark, 206, 261-64. 

Hide powder, .305. 

Hopper of spent tanwood chip furnaces, 
167-68, 170-71. 


K 

Kernels. See Olive-oil Kernels. 
Kestner’s multiple effect, 229-33. 

Khaki, 270-71. 

Kilns, ovens and retorts for wood dis- 
tilling, 8-22. 

Kips, tanning of, 276-90, 293. 

Knives for chip cutters, 182. 

— inserting and adjusting, 184. 

— sharpening, 184. 

Koch’s extractor, 303-4. 


Labour of wood distilleries, 28. 

— extract factories, 241. 

Lactates, 2&3. 

Lactic acid, 263. 

Lamb skins, tanning, 276. 

Lead acetates, 75-77, 81. 

— nitrate, 204-5. 

Liming of skins. See Depilatories. 
Logwood extract manufacture, 294-97. 
Lubrication of wood-cutting machiucry, 
184. 

M 

Machinery, tanwood cutting and chip- 
ping, 161-85. 

— hands and belts, tanning of leather 

for, 247-48. 

Magnesia in lime, 102. 

Magnesium bicarbonate in water, effect 
on tannic infusions, 146-59. 

Mangle. See Mangrove. 

Mangrove (mangle), R. Catechu, tanning 
by, 270, 282-93. 

Mercury iodide, 272. 

Methyl acetate, 55. 

— alcohol, 2, 5, 27, 33, 53-64, 78. 

— nitrate, 83. 

Milk of lime, 30, 101. 

Mimosa, 157, 158, 186, 262, 270, 299. 
Moellon. See Sod Oil. 
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Mollerat’s pure acetic acid plant, 51. 
Monte-jus, 25. 

Mordants, 275-7G. 

Morin, 2G1. 

Morocco leather, 266. 

Myrobolams, 18G, 273, 288, 299. 


N 

Nitrate of lead. See Lead Nitrate. 
Nitric acid, 93, 205. 

Nitrosain*ine red, 79. 

N ycelophagif-i castmuB, 131. 

0 

Oak bark liquors, •experiments with, 
140-59. 

tanning with, 252. 

— branches, 252. 

— evergreen, etc., 251. 

— extract factory, plant and equip- 

ment, specification for, 253. 

— — use, 252. 

— fungi which attack, 251. 

Oaks, tanniferoLis, 250-51. 

Oak-wood in wood distilling, 3-4, 252. 

-- — ash of, 97. 

Olive-oil kernels, distillation of, IIG, 
126. 

One-dip tanning, 290. 

Osmosis in tannic extraction, 154. 

Oxalic acid, 93-5. 

Ox-hides, tanning of, 293. 

P 

Palermo leaf sumac, 268. 

Palmetto, tanning with, 274, 280. 

Paring machine, hide, 276. 

Pea stems, ash in, 97. 

Pear-wood in wood distilling, 3. 

Pearl ash manufacture, 97-100. 

Pegu catechu, 267. 

Percentage profit on tannin extraction, 
237. 

Persian berries, 263. 

Phosphates, alkaline, in tanning, 263. 
Picol’s liquor, 290. 

Pine bark, experiments on, 186-206. 

in tanning, 265, 274, 283. 

Pine-wood in distilling, 3-4. 

— ash of, 97. 

Plan of wood distillery, 23-24. 

Plumbic acetate, 75, 77, 81. 

Plum-tree wood, distilling, 3-4. 
Pollution, river, by tannic extract refuse, 
202 . 

— — by wood distillery refuse, 42. 
Poplar-tree wood in wood distilling, 3-4. 
Potash, 97-100. 

Potassium acetate, 64-65. . 

— carbonate, 97-100. 

Potato stems, ash of, 97. 


, Pressures, extracting tannic under vari- 
' ous, effect on yield and quality of 

extracts, 186. 

Procter’s apjDaratus for tannic acid, 

; estimation, 304. 

Profit of extract factories, 237. 
Pyroligneous distillate, treating, 29-37. 

; Pyrolignites, 29-37. 

Q 

Quebracho extract, 155, 158, 186, 206 
258-65, 270, 274, 285, 288. 
Quercitron. 261-62. 

Quercus. See Oak. 


R 

Rapid tanning, 246 49. 

Rectification of acetic acid, 48-53. 

— acetone, 84-87. 

— alcohol, methylic, 53-64. 

— creosote, 87-93. 

Red mordant (red liquor), 70. 

Re iWood (Brazil wood) in leather 
dyeing, 278. 

Refrigerators for tannic extract fac- 
tories, 197-99. 

— wood distilleries, 19-21. 

Rehandling, 265. 

Retort coolers, 17. 

Retorts for wood distilling, horizontal, 
12-16. 

portable, 12. 

vertical, 12-16. 

— working of, 17-18. 

Rhizophora bark, 286-88. 

Rhus Coriaria, 266. 

Rice hulls as fuel, 169. 

Russian oak extract, 253. 


S 


Snbal surndata, 274. 

Saddle-girths, tanning leather for, 277. 
Sawdust, 92. 

Sawing machinery for wood chipping, 
176-85. 

' ‘‘ Shagreen” finish, 290. 

Sheep-skin, tanning of, 264-65, 276, 
290-91. 


Scrubbers, gas (charcoal retorts), 20-21. 
Sicilian sumac, 267-69. 

Sod oil, 277-80. 

Sodium acetate, 65-70, 79. 

Softwoods, 3. 

Soxhlet’s extractor, 304. 

Spanish sumac, 266. 

— extract factories, 236. 

Spruce fir, 3-4. 

Steam boiler, steam engine, shafting, 
atn I'n hQnnir*. pvtrfl.ct factorv. 173- 


I 77. 

; Still head, rectifying, 63-64. 
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Stills for — 

Acetic acid, 39-53. 

Acetone, 84-87. 

Creosote, S7-93. 

Methyl alcohol, 53-64. 

Pyroligneous distillate, 29-33. 

Wood -tar, 87-93. 

Wood-spirit, 53-64. 

Storage of acetone, alcohol, water and 
wood, 22-27. 

acetate of lime, 45. 

Sulphitation of dyewood extracts and 
tannic acid extracts, 261-64. 

— tan and dyewood extracts, 261-64. 
Sulphuric acid, 39, 42. 

Sulphurous acid. 260-64. 

Sumac, 145, 151-54, 187, 206, 261, 267-69. 

— ill morocco tanning, 267-6J. 

— tanned leather, 291. 

T 

Tamarix, 267-68. 

Tannin, 129 et seq. 

Tanning calfskins, 265, 274, 276, 278. 

— cow-hides, 277. 

— goat skins. 276-78, 281. 

— horse-hides. 277. 

— lamb skins, 276. 

— ox-hides, 293. 

— seal skins. 281. 

Tanning leatlier for belts, 277-78. 

— — boots. 286, 

boxcalf. 293. 

dveing, 275-78. 

gloves, 2S5. 


Tanning with — continued. 

Quebracho extract, 258-65, 270, 274, 
285, 288, 

Sumac extract, 261, 261-69. 

Tara extract, 281. 

Valonia extract, 272-73. 

Tar (wood) as fuel, 27-28. 

— stills, 87-93. 

i — treating, 87-93. 

I — uses, 78-79. 

I — yield of, by wood, 28. 

! Tara extract, 281. 

; Thermal value of wood charcoal, 116. 
i Tin as decoloriser of tannic liquors, 
! 205 6. 

! Tin acetate, 91. 

! I'orrefaction of acetate of lime, 36. 

. Tubular boilers, 162 ct seq. 

I — condensers and refrigerators, 19-21. 

I — evaporators. See Kestner. 

I Tunis, lentiscus of, 266. 

! — tamarix of, 267. 

— wattle bark shrub, acclimatisation 

i of, 280. 

V 


Vacuum method of distilling acetic acid, 
43. 

Valonias, 272-73, 297. '• ‘ 

Van der Linden’s acetic acid process, 


43-45. 

Varnished leather, tanning for, 
293. 

Vaseline in tanning, 284. 


277, 


— — harne.ss, 277. 

morocco, 266. 

saddle-girths, 277. 

soles, 271, 277-78. 

uppers, 252, 278. 

Tanning with — 

Bark, 248-04. 

Catechu, 282-93. 

Chestnut-wood extract, 24 4-49. 

Cutch. See Catechu. 

Divi-divi extract, 187, 271. 

Gall-nuts extract, 285, 288, 289, 

297. 

Japonica, 285, 287 28.8. 

Khaki extract, 270-71. 


w 

Water in tanning, 140 i t s q. 

— supply of extraet factory, 140 et 

seq. ' 

wood distillery, 23, 267. 

Wattle bark shrub acclimatised in Tunis 
and Algeria, 280. 

Wood. Sec under Chestnut, Oak, Pine, 
Quehraelio, Hardwoods, Softwoods, 
etc. 

Wood conveying facilities, 25-26. 
distilling, 1-29. 

— tar, 27-28, 78-79, 87-93. 


Mangrove extract, 270, 282, 293. Y 

Mimosa extract, 157, 158, 186, 262, 

270, 293. Yellow wood, 261-62. 

Myrobolain extract, 18, 186, 273, 288, ; Yield of acetic acid, alcohol, tar and 
289. . charcoal from wood, 28, 120. 

Oak-wood extract, 252. — from olive-oil kernel, 120. 

I'almetto extract, 274, 280. 
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14 Illustrations. Price 10s. 6d. net. (Post free, 11s. home and abroad.) 

BONE PRODUCTS AND MANURES : An Account of the 

most recent Improvements in the Manufacture of Fat, Glue, Animal 
Charcoal, Size, Gelatine and Manures. By Thomas Lambert. Second 
Revised Edition. Demy 8vo. 172 pp. 17 Illustrations. F^rice 78. 6d. 
net. (Post free, Ss. home and abroad.) 

(Se£ also Chemical Manures, />. 8.) 

(Chemicals, Waste Products, etc.) 

REISSUE OF CHEMICAL ESSAYS OP C. W. 
SCHEELE. First Published in English in 1786. Trans- 
lated from the Academy of Sciences at Stockholm, with Additions. 300 
pp. Demy 8vo. Price 5s. liet. (Post free, 5s. 6d. home and al^oad.) 
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THE MANUFACTURE OF ALUM AND THE SUL- 
PHATES AND OTHER SALTS OF ALUMINA AND 
IRON. Their Uses and Applications as Mordants in Dyeing 

and Calico Printing, and their other Applications in the Arts, Manufac- 
tures, Sanitary Engineering, Agriculture and Horticulture. Translated 
from the French of Lucien Geschwind. 195 Illustrations. 400 pp. 
Royal 8vo. Price 12s. 6d. net. (Post free, 13s. home; 13s. 2d. abroad.) 

AMMONIA AND ITS COMPOUNDS : Their Manufacture 

and Uses. By Camille Vincent, Professor at the Central School of 
Arts and Manufactures, Paris. Translated from the French by M. J. 
Salter. Royal 8vo. 114 pp. Thirty-two Illustrations. Price 5s. net. 
(Post free, 5d. home ; 5s. 8d. abroad.) 

CHEMICAL WORKS : Their Design, Erection, and Equip- 
ment. By S. S. Dyson and S. S. Clarkson. Royal 8vo. 220 pp. 
With 9 Folding Plates and 80 Illustrations. Price 21s. net. (Post 
free, 21s. 6d. home; 21s. lOd. abroad.) 

MANUAL OF CHEMICAL ANALYSIS, as applied to the 
Assay of Fuels, Ores, Metals, Alloys, Salts and other Mineral Products. 
By E. Prost, D.Sc. Translated by J., Cruickshank Smith, B.Sc. 
Royal 8vo. 300 pages. 44 Illustrations. Price 12s. 6d. net. (Post 
free, 13s. home ; 13s. 4d. abroad.) 

TESTING OF CHEMICAL REAGENTS FOR PURITY. 

Translated from the German of Dr. C. Krauch. Royal 8vo. 350 pages. 
Price 12s. 6d. net. (Post free, 13s. home ; 13s. 4d. abroad.) 

SHALE OI€jS AND TARS and their Products. By Dr. W. 
Scheithauer. Translated from the German. Demy 8vo. 190 pp. 
70 Illustrations an(f 4 Diagrams. Price 8s. 6d. net. (Post free, 9sv 
home and abroad.) 

THE BY-PRODUCTS OF COAL-GAS MANUFACTURE. 

By K. R. Lange. Translated from the German. Crown 8vo. 164 pages. 
13 Illustrations. Price 5s. net. (Post free, 5s. 4d. home and abroad.) 

INDUSTRIAL ALCOHOL. A Practical Manual on the 
Production and Use of Alcohol for Industrial Purposes and for Use as 
a Heating Agent, as an Illuminant and as a Source of Motive Power. 
By J. G. McIntosh. Demy 8vo. 1907. 250 pp. With 75 Illustra- 

tions and 25 Tables. Price 7s. 6d. net. (Post free, 8s. home and 
abroad.) 

THE UTILISATION OF WASTE PRODUCTS. A Treatise 

on the Rational Utilisation, Recovery and Treatment of Waste Pro- 
ducts of all kinds. By Dr. Theodor Roller. Translated from the 
Second Revised German Edition. Second English Revised Edition. 
Demy 8vo. 336 pages. 22 Illustrations. Price 7s, 6d. net. (Post free, 
8s. home ; 8s. 2d. abroad.) 

ANALYSIS OF RESINS AND BALSAMS. Translated 

from the German of Dr. Karl Dieterich. Demy 8vo. 340 pages. 
Price 7s. 6d. net. (Post free, 8s. home ^nd abroad.) 
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DISTILLATION OF RESINS, RESINATE LAKES AND 
PIGMENTS, CARBON PIGMENTS AND PIGMENTS 
FOR TYPEWRITING MACHINES, MANIFOLDERS, 
ETC. By Victor Schweizhr. Demy 8vo. 185 pages. 
68 Illustrations. Price 7s. 6d. net. (Post free, 8s. home and abroad.) 

DISINFECTION AND DISINFECTANTS. By M. Chris- 
tian. Translated from the German. Crown 8vo. 112 pages IS Illus- 
trations. Price 5s. net. (Post free, 5s. 4d. home and abroad ) 


(Agricultural Chemistry and Manures.) 

MANUAL or AGRICULTURAL CHEMISTRY. By 

Herbert Ingle, F.I.C..F.C.S.,Late Lecturer on Agricultural Chemistry, 
the Leeds University; Lecturer in the Victoria University. Third 
and Revised Edition. 400 pp. 16 Illustrations. Demy 8vo. Price 
7s. 6d, net. (Post free, 8s. home: 8s. 2d. abroad.) 

{For Institic'idt's, Fnngicidts and Weed Killers, see p. 22,) 

CHEMICAL MANURES. By J. Fritsch. Translated from 

the French, with numerous Notes. Demy 8vo. 350 pp. 69 Illustra- 
tions and 108 Tables. Price 10s. 6d. net. (Post free, Us. home; 
11s. 2d. abroad.) 

(iit/ also Bone Products and Manures, p. 6.) 


(Writing Inks and Sealing Waxes.) 

INK MANUFACTURE : Including Writing, Copying, Litho- 
graphic, .Marking. Stamping, and Laundry Inks. BvSig.mu.nd Leh.ser. 
Translated from the German of the Fifth Edition. Second Revised and 
Enlarged English Edition. Crown Svo. 180 pages. 3 Illustrations. 
Price 5s. net. il^ost free, 5s. 4d. home and abroad.) 

SEALING-WAXES, WAFERS AND OTHER ADHES- 
IVES FOR THE HOUSEHOLD, OFFICE, WORK- 
SHOP AND FACTORY. By H. C. Sta.ndaoe. Crown 

8vo. 96 pages. Price 5s. net. (Post free, 5s, 5d. home and abroad.) 


(Lead Ores and Lead Compounds.) 

LEAD AND ITS COMPOUNDS. By Thos. Lambkrt, 

Technical and Consulting Chemist, Demy 8vo. 226 pp. Forty Illus- 
trations. Price 7s. 6d. net. (Post free, 8s. home and abroad.) 

NOTES ON LEAD ORES : Their Distribution and Properties. 
By Jas. Fairie, F.G.S. Crown Svo. 64 pages. Price Is. net. (Post 
free, Is. 4d. home and abroad.) 

{White Lead and Zinc White Paints, see p. 3.) 
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(Industrial Hygiene.) 

THE RISKS AND DANGERS TO HEALTH OP VARI- 
OUS OCCUPATIONS AND THEIR PREVENTION. 

By Leonard A. Parry, M.D., B.Sc. (Lond.). 196 pp. Demy 8vo. 
Price 7s. 6d. net. (Post free, 7s. lOd. home and abroad.) 


(industrial Uses of Air, Steam and Water.) 

DRYING BY. MEANS OF AIR AND STEAM. Explana- 

tions, FormuUc, and Tables for Use in Practice. Translated from the 
German of E. Hausbrand. Second Revised English Edition. Crown 
8vo. 80 pp. Two folding Diagrams and Thirteen Tables. Price 5s. net. 
(Post free. 5s. 7d. home and abroad.) 

(6Vr also “ Evaporating, Condensing and Cooling Apparatus," p. 17.) 

PURE AIR, OZONE AND WATER. A Practical Treatise 

of their Utilisation and Value in Oil, Grease, Soap, Paint, Glue and 
other Industries. By W. B. Cowell. Twelve Illustrations. Crown 
8vo. 85 pp. Price 5s. net. (Post free, 5s. 5d. home ; 5s. 6d. abroad.) 

THE INDUSTRIAL USES OF WATER. COMPOSI- 
TION — EFFECTS— TROUBLES — REMEDIES— RE- 
SIDUARY WATERS - PURIPIC ATION— AN ALYSIS. 

By H. DE* *A Coux. Royal 8vo. Translated from the French and 
Revised by Arthur Morris. 364 pp. 135 Illustrations. Price 10s. 6d. 
net. (Post free, lls.*nome; 1 Is. 6d. abroad.) 

(6Vr Books on Bnwkc Prevention, Engineering and Metallurgy, p. 17, etc.) 


(X Rays.) 

PRACTICAL X RAY WORK. By Frank T. Addyman, 

B.Sc. (Bond.), F.I.C., Member of the Roentgen Society of London; 
Radiographer to St. George's Hospital; Demonstrator of Physics and 
Chemistty. and Teacher of Radiography in St. George’s Hospital 
Medical School. Demy 8vo. Twelve Plates from Photographs of X Ray 
Work. Fifty-two Illustrations. 200 pp. Price 10s. 6d. net. (Post free, 
1 Is. home ; 11s. 2d. abroad.) 


(lndia=Rubber and Gutta Percha.) 

INDIA RUBBER AND GUTTA PERCHA. Second 

English F.dition, Revised and Enlarged. Based on the French work of 
T. Seeligmann, G. Lamy Torrilhon and H. Fai.connet, by John 
Geddhs McIntosh. Royal 8vo. 100 Illustrations. 400 pages. Price 
12s. 6d. net. (Post*frcc, 13s. Id. home; f3s. 8d. abroad.) 
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(Leather Trades.) 

THE LEATHER WORKER S MANUAL. Beinjt a Com 

pendium of Practical Recipes and Working Formuhe for Curriers, 
Bootmakers. Leather Dressers, Blacking Manufacturers. Saddlers, 
Fancy Leather Workers, By H. C. Stanoagh. Demy 8vo. 185 pp. 
Price 7s. 8d. net. (P<ist free, 8s. home and abroad.) 

(N,c als<.' M aKuta^- tun of SJu'i P(>IiiJu's. Lmthcr Drt ssiw^^s, fie., p. 5.) 


(Pottery, Bricks, Tiles, Qlas^, etc.) 

MODERN BRICKMAKING. By Ai.Fui-n B. Si;ahi,i:. Royal 
Svo. 44G pages. 260 Illustrations Price I2s. 6d. net. (I\>st free. 
Ids. Id. home; Ids. 7d. abroad.) 

THE MANUAL OF PRACTICAL POTTING. Compiled 

by Experts, and Edited by Chas. I'. Bin ns, b'ourth Edition. Revised 
and Enlarged. Demy Svo. 200 pages. Price I7s. tid, net. (Post free. 
I8s. home; ISs, 2d. abroad.) 

POTTERY DECORATING. A Description of all the Pro- 
cesses for Decorating Pottery and Poryeiain. By l\. HainhaCH. 
Translated from the (jerman. Crown Svo. 2.50 pp. Twenty-two 
Illustrations. Price 7s. 6d. net, i Post free. Ss. home; Ss. 2d. abroad.) 

A TREATISE ON CERAMIC INDUSTRIE^, A Complete 

Manual for Pottery. Tile, and Bnek Manufacturers. By l-Cviii.r: 
Bolhhv. a Revised Translation from the French, with some Critical 
Notes by Aio io-;n B. Skaklk. Demy Svo. dOS Illustrations. 4ti0 pp. 
Price I2s. 6d. net. (Post tree. Ids. hi>me ; Ids. Kd. abroad.) 

ARCHITECTURAL POTTERY. Bricks, Tiles, Pipes, Bna 

mclled Terra cottas, Ordinary and Inerusted (Quarries, Stoneware 
.Mosaics, Faiences and Architectural Stoneware. B\ Lkos Lkfkvkh. 
Translated from the French by K. H. Bind, .M.A., and W. .Mookk 
Binss. With Five Plates. 050 Illustrations in the Text, and numerous 
estimates. .50<J pp. Royal Svo. Price ISs. net. (Post free, !5s. 7d. 
home; 16>. 4d. .tbroad.i 

THE ART OF RIVETING GLASS, CHINA AND 
EARTHENWARE. By <1. Howok'Th. Sectjnel l^dilioii. 

l^.iper C<.»vcr. i^nce D. net iBy post, home or abi'oad. Is. 2d.) 

NOTES ON POTTERY CLAYS. The Distribution, Pro- 
perties. Uses and Analyses of Ball Clays, Chin;i Clays .md China 
Stone. By Jas. F'airik, 1-.(j.S. Id2 pp. Crown Svo. Price ds. (id. 
net. (Post free. 4s. home and abroad.) 

HOW TO ANALYSE CLAY Hy H. M. Asmn. IXmiy Svo. 

72 pp. 20 Illustrations. Price ds. 6d. net. (Post free, ds. lOd, iiomc 
and abroad,) • 
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A uTeissue of 

THE HISTORY OF THE STAFFORDSHIRE POTTER. 
lES ; AND THE RISE AND PROGRESS OF THE 
MANUFACTURE OF POTTERY AND PORCELAIN. 

With References to Genuine Specimens, and Notices of Eminent Pot- 
ters. By Simeon Shaw. (Originally published in 1829.) 265 pp. 

Demy 8vo. Price 5s. net. (Post free, 5s. 6d. home; 5s. lOd. abroad.) 


A Reissue of 

THE CHEMISTRY OF THE SEVERAL NATURAL 
AND ArtriFICIAL HETEROGENEOUS COM- 
POUNDS USED IN MANUFACTURING POR- 
CELAIN, GLASS AND POTTERY. By Simeo.v Shaw. 

(Originally published in 1837.) 750 pp. Royal 8vo. Price 10s. net. 

(Post free, 10s. 7d. home; 11s. 6d. abroad.) 

BRITISH POTTERY MARKS. By G. Woolliscroft Rhead. 

Demy 8vo. 310 pp. With upwards of Twelve-hundred Illustrations of 
.\larUs in the Text. Price 7s. 6d. net. (Post free, 8s. home; 8s. 4d. 
abroad.) 


(Glassware, Glass Staining and Painting.) 

RECIPES EQR FLINT GLASS MAKING. By a British 
Glass .Master and Mixer. Sixty Recipes. Being Leaves from the 
.Mixing Book of seveiwl experts in the Flint Glass Trade, containing 
up to date recipes and valuable information as to Crystal, Demi-crystal 
and Coloured Glass in its many varieties. It contains the recipes for 
cheap metal suited to pressing' blowing, etc., as well as the most costly 
crystal and ruby. Second Edition. Crown 8vo. Price 10s. 6d. net. 
(Post free, 10s. lOd. home and abroad.) 

A TREATISE ON THE ART OF GLASS PAINTING. 

Prefaced with a Review of Ancient Glass. By Eknest R. Suffling. 
With One Coloured Plate and Thirty-seven Illustrations. Demy 8vo. 
140 pp. Price 7s. 6d. net. (Post free. 8s. home and abroad.) 


(Paper Making and Testing.) 

THE PAPER MILL CHEMIST. By Henry P. Stevens, 
M.A.. Ph.D.. F.I.e. Roval 12mo. 60 Illustrations. 300 pp. Price 

7s^ 6d. net. (Post free, 7s. lOd. home; 8s. abroad.) 

THE TREATMENT OF PAPER FOR SPECIAL 
PURPOSES. By L. E, Andes. Translated from the 
German, th own 8vo. 48 Illustrations. 250 pp. Price 6s. net. (Post 
free, 6s. 5d. home; 6s. 6d. abroad.) 



(Enamelling on Metal.) 

ENAMELS AND ENAMELLING. For Enamel Makers, 

Workers in Gold and Silver, and Manufacturers of Objects of Art. 
By Paul Randau, Translated from the German. Second and Revised 
Eelition. With Sixteen Illustrations. Demy 8vo. 200 pp. Price 
Uls. Od. net. (Post free, I Is. home; 11s. 2d. abrt)ad.) 

THE ART OF ENAMELLING ON METAL.' By W. 

Nor.man Brown. Second Edition, Revised. Crown 8vo. 60 pp. I’rice 
3s. 6d. net. (Post free. 3s. lud. home and abroad.) 


(Textile Subjects.) 

THE FINISHING OF TEXTILE FABRICS (Woollen, 

worsted. Union and other Cloths). By Rubhrts Bhau.mont. .\l.Se. 
With 150 Illustrations ol I'ibres. Yarns and h'abrics, also Sectional 
and other Drawinj^s of R'inishing Machinery. Demy Svo. 2t>0 pp. 
Price 10s. Hd. net. (Post free. ll>.. home; lls, 2d. abroad.) 

STANDARD CLOTHS : St ructure and .Manufacture (Cjoneral, 

.Nlilitary and Naval). By Rohkrts Bj-iai most, .M.Sc., .M.U.Mech.Iw 
342 pp. Numerous Illustrations. 16 Plates in .Monochi'onie and Colour. 
Dem\ 8vo. Price 12s. 6d. net. (Post free, 13s. home ^ '3s. 4d. abroad.) 

[yust puliliiltiii. 

FIBRES USED IN TEXTILE AND ALLIED INDUS- 
TRIES, By C. A INSWOHTH .MlTCHKl.L, B.A. (O.XOIl.), i'.i.C., 
and R. M. Priokau.x. F.l.C. W ith (->6 Illustrations specially drawn 
direct from the Fibres. Demy Svo. 200 pp. Price 7s. (Sd. net. 
(Post free, Ss. home; Ss. 2d. abroad.) 

DRESSINGS AND FINISHINGS FOR TEXTILE 
FABRICS AND THEIR APPLICATION. Desenption 

ol all tlie Materials used in Dressing Textiles; 'iheir Speeial Pro- 
perties, the Preparation of Dressings and then l£mployiuent in 
f^'inishm^ Linen, Cotton, W Oollen and Silk F'abnes. h'lreproof and 
W aterproof Dressings, n>oether w ith the principal maehiner) employed. 
Translated from the Third (jerman Edition ot b’wiKiiRicu Puia.i.YN. 
Demy 8vo. 2.s0 pp. Sixty Illustrations, l^riee 7s. (k 1. net. (Post 
free, 8s. home ; 8s. 2d. abroad.) 

THE CHEMICAL TECHNOLOGY OF TEXTILE 
FIBRES : Their Origin, Structure, Preparation, Washing, 
Bleaching, Dyeing, Printing and Dressing. By Dr. Gkorg von 
G hORtUKViCS. Translated from the (jerman by Cuarlks Saltkh. 
320 pp. F(irty-seven Illustrations. Royal 8vo, Price 10s. 6d. net. 
(Post free, lls. home ; 1 1 ». 4d. abroad.) 
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POWER-LOOM WEAVING AND YARN NUMBERING, 

According to Various Systems, with Conversion Tables. Translated 
from the German of Anthox Gruner. With Twenty-six Diagrams 
in Colours. 150 pp. Crown 8vo. Price 7s, 6d. net. (Post free, 
7s. lid. home ; 8s. abroad.) 

TEXTILE RAW MATERIALS AND THEIR CON- 
VERSION INTO YARNS. (The Study of the Raw 

"Materials and the Technology of the Spinning Process.) By Julius 
Z iPSKR. Translated from German by Charles Salter. 302 Illus- 
trations. 500 pp. Demy 8vo. Price 10s, 6d. net. (Post free, 11s. Id. 
home ; 1 Is. 8d. abroad.) 

GRAMMAR OF TEXTILE DESIGN. By H . Nisbet, 

Weaving and Designing Master, Bolton Municipal Technical School. 
Demy 8vo. 280 pp. 490 Illustrations and Diagrams. Price 6s. net. 
(Post free, 6s, 5d. home; 6s. 8d. abroad.) 

ART NEEDLEWORK AND DESIGN. POINT LACE. A 

Manual of Applied Art for Secondary Schools and Continuation Classes. 
By M. E. W ilkinson. Oblong quarto. With 22 Plates. Bound in 
‘Art Linen. Price 3s. 6d. net. (Post free, 4s. home and abroad.) 

HOME LACE-MAKING. A Handbook for Teachers and 
PupiU. By M. E. W'. Milroy. Crown 8vo. 64 pp. W'ith 3 Plates and 
9 Diagrams. Price Is. net. (Post free, Is. 4d. home and abroad.) 

CHURCH LACE. By M. E. W. Milroy. \In preparation. 

THE CHEMISTRY OF HAT MANUFACTURING. Lec- 
tures ileSvereJ before the Hat Manufacturers’ Association. By Wat- 
SON Smith, F.C.S., F.I.C. Revised and Edited by Albert Shonk. 
Crown 8vo, 132*pp. 16 Illustrations. Price 7s. 6d. net. (Post free, 

7s. lid. home; 8s. abroad.) 

THE TECHNICAL TESTING OF YARNS AND TEX- 
TILE FABRICS. With Reference to Official Specifica- 
tions. Translated from the German of Dr. J. Herzfeld. Second 
Edition. Sixty nine Illustrations. 200 pp. Demy 8vo. Price 10s. 6d. 
net. (Post free, 11s. home; lls. 2d. abroad.) 

DECORATIVE AND FANCY TEXTILE FABRICS. 

By R. T. Lord, b'or Manufacturers and Designers of Carpets, Damask, 
Dress and all Textile Fabrics. 20t) pp. Demy 8vo. 132 Designs and 
Illustrations. Piiee-7s. txl. net. (Post free, Ss. home; 8s. 2d. abroad.) 

THEORY AND PRACTICE OF DAMASK WEAVING. 

By H. Kinzhr and K. W alter. Royal 8vo. Eighteen Folding Plates. 
Six Illustrations, Translated from the German. 110 pp. Price 8s. 6d. 
net. (l*ost tree, 9s. home; 9s. 2d. abroad.) 

FAULTS IN THE MANUFACTURE OF WOOLLEN 
GOODS AND THEIR PREVENTION. By Nicolas 

Reiser. Translated from the Second German Edition. Crown 8vo. 
Sixty three Illustrations. 170 pp. Price 5s. net. (Post free, 5s. 5a. 
home ; 5s 6d. abroad.) 
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SPINNING AND WEAVING CALCULATIONS, especially 

relating to W oollens. From the German of N. Rkiskr. Thirty-four 
Illustrations. Tables. IbO pp. Demy Svo. 1904. Price 10s. tui. net. 
(l\^st free. 11s. home; 11s. 2d. abroad.) 

WORSTED SPINNERS' PRACTICAL HANDBOOK. By 

H. Ti H\i K’. Crown Svo. 14S pp. 54 l)i*awings. Pi'iee bs. net. (Post 
free. bs. .sd. liome ; (>s. bd. abroad.) 

ANALYSIS OF WOVEN FABRICS. By A. 1". Baukkr. 

.M.Sc.. and H. .Miocii.io. Demy Svo. Sib pp. Numerous Tables, 
l-lxamjdes and S2 lllu ^tiations. Price 7s. bd. net, (l\)st free, Ss. 
home ; Ss. 4d. abroad.) ' 

WATERPROOFING OF FABRICS. By Dr. S. xMihrzinski. 

Second Iwluion. Revised and b'nlarged. Crown Svo. 140 pp. 29 
Illustr.it ions. Price 5s. net. (Post free, 5s. 5d. home ; 5s. (xl. abroad.) 

HOW TO MAKE A WOOLLEN MILL PAY. By John 

.Mackih. Crown Svo. 7b pp. Price ds. bd. net. (Post free, ds. lOd. 

home and .tbiaia.d.) 

YARN AND WARP SIZING IN ALL ITS BRANCHES. 

Transl.ited from the German oi Caki. Khk i schmak. Royal Svo. 123 
illustrations. I5n pp. l^riee 10s. bd. net. (Post tree, 11s. home ; 
11s. 4d. ..bn,ad.) 

i / ■ / I , \:ii( .^..(1/5 a>hi Oiis." st< / . fj.) 


(Dyeiii}?, Colour Printinji;, Malchinj? and 
Dye = stuffs. ) 

THE COLOUR PRINTING OF CARPET YARNS. .M;«nual 

tor Colour Chemists and Textile Printers. By David Pah kson, 
F.C.S. Seventeen Illustrations. Idb pp. Demy Svo. Price 7s. txl. 
net. (Post tree. S',, home and abroad.) 

TEXTILE COLOUR MIXING. A Manual intended for 

the use ot Dyers, Calico Printers and Colour Chemists. By David 
Pati }<'sos. F.R.S 1C, h.C.S. h'ormerlv published under title ot “ Science 
ot Cfdour .Mimii^ . Second Revised Bditmn. Demy Svo. 1 40 pp. 41 
1 Must rations w It h 5 Coloureii Phues and 4 Plates show ing Dyed Speei- 
mens. l^rice 7s. Sd. net. iPost tree, Ss. home; Ss, 2d. abroad.) 

DYERS MATERIALS: An Introduction to the I^xamination, 

Hvaluation and Application (jf the most important Substances used in 
Dyeing l^riniing, lileaching and l^'mishing. By Pal l Hkkk.vian, Ph.D. 
J ransiated from tlie (German by A. C. Whight, .M.A (0,xon.), B.Sc. 
(Lond.i. Twenty four Illustrations. Crown Svo. KSO pp. Price 5s. 
net. (Post free, 5s. .5d. home • 5s. bd. abroad.) 
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COLOUR MATCHING ON TEXTILES. A Manual in- 
tended for the use of Students of Colour Chemistry, Dyeing and 
Textile Printing. By David Paterson, F.C.S. Coloured Frontis- 
piece. Twenty-nine Illustrations and Fourteen Specimens Of Dyed 
Fabrics. Demy 8vo. 132 pp. Price 7s. 6d. net. (Post free, 8s. home 
^md abroad.) 

COLOUR: A HANDBOOK OF THE THEORY OF 
COLOUR. By George H. Hurst, F.C.S. With Ten 

Coloured Plates and Seventy-two Illustrations. 160 pp. Demy 8vo. 
Price 7s. 6d. net. (Post free, 8s. home; 8s. 2d. abroad.) 

Reissue of 

THE ART OF DYEING WOOL, SILK AND COTTON. 

Translated from the French of M. Hellot, M. Macquer and M. le 
P iLEUR D’Apligny. First Published in English in 1789. Six Plates. 
Demy 8vo. 446 pp. Price 5s. net. (Post free, 5s. 6d. home ; 6s. 4d, 
abroad.) 

THE CHEMISTRY OF DYE-STUFFS. By Dr. Georg von 

Georgievtcs. Translated from the Second German Edition. 412 pp. 
Demy 8vo. Price 10s. 6d. net. (Post free, 11s. home : 11s. 4d. abroad.) 

THE DYEING OF COTTON FABRICS . A Practical 
Handbook for the Dyer and Student. By Franklin Beech, Practical 
Colourist and Chemist. 272 pp. Forty-four Illustrations of Bleaching 
and Dyeing Machinery. Demy 8vo. Price 7s. 6d. net. (Post free, 
Ss. home ; 8s. 4d. abroad. i 

THE DYEING OF WOOLLEN FABRICS. By Franklin 

Beech, Practical Colourist and Chemist. Thirty-three, Illustrations. 
Demy 8vo. 228 pp. Price 7s. 6d. net. (Post free, 8s. home; 8s. 2d. 
abroad.) 


(Silk Manufacture.) 

SILK THROWING AND WASTE SILK SPINNING. 

By Hollins Raynek. Demy 8vo. 170 pp. 117 Ulus. Price 5s. net. 
(Post free, 5s. 5d. home ; 5s. 8d. abroad.) 


(Bleaching and Bleaching Agents.) 

A PRACTICAL TREATISE ON THE BLEACHING OF 
LINEN AND COTTON YARN AND FABRICS. By 

L. Tailfer, Chemical and Mechanical Engineer. Translated from the 
F'rench by John Geddes McIntosh. Demy 8vo. 303 pp. Twenty 
Ulus, l^rice Tis. 6d. net. (Post free, 13s. home; 13s. 4d. abroad.) 

MODERN BLEACHING AGENTS AND DETERGENTS. 

By Professor Max Bottler. Translated from the German. Crown 
8vo. 16 Illustrations. 160 pages. Price 5s. net. (Post free, 5s. 5d. 
home ; 5s. 6d, a^iroad.) 
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(Cotton Spinning, Cotton Waste and 
Cotton Combing.) 

COTTON SPINNING (1-irst Year). By Tiuimas Thokm kv, 

Spintiifii; .Master. Bolton Technical School. IhO pp. Hij^hty-four Illus- 
trations. Crown Svo. Second Impression. Price Ms. net. ^Post free, 
3^. 5d, home ; 3s. (M. ahri>ad.) 

COTTON SPINNING i intermediate, nr Second Year). By 

TurniAS TnoKSia v. Third h'dition. K’evised and hailar^cd. 320 pp. 
114 Dr.iw intis. Ci'own Svo. Price 7s. Od. net. (Post tree. Ss. home; 
Ss. 2d, abr'i.nid.) 

COTTON SPINNING i H onoiirs, or d'hird ^ear). I^y 'fnoMXs 

Thorm.i.v. 210 pp. Sevcnty hnir Illustrations. Crown Svo. Second 
Edition. Price .^s. net. (Post free. os. Sd, home ; os. Od. abroad.) 

COTTON COMBING MACHINES. By Thos. Thohm.kv, 

spinning .Master. Technical School B dton. Demy Svo. 117 Illustra- 
tions. 3'K>pp Price 7s bd. net. (Post free. Ss. home ; Ss, 4d, abroad.) 

COTTON WASTE ; Its Production. Characteristics. Re^ula- 
ti«Mi , ( )peni n^, C a 'dine Spinnin;; and W caving. By T nos. Thokm.kv. 
Demv Svo. dSi-* pp. bo Illustrations. Price 7s. (x1. net. (Post free, 
Ss. 1)0 me ; S''. 4d. a. oroad.i 

THE RING SPINNING FRAME ; GUIDE FOR OVER- 
LOOKERS AND STUDENTS. By N. Booth. Crown 

S\(j. 7b p.ipc''. Price i<s. net. iPo'>t free, 3s. Id home and .ibroad.J 


(Flax, Hemp and Jute Spinning.) 

MODERN FLAX HEMP AND JUTE SPINNING AND 

TWISTING. .\ Practical Idandl'took lor tiie use of i'lax, 
Hemp and iliite Spinner'',. Thread. 'Fwine and Rope .Makers. By 
HrsBhWT R. Cai- ikk. .Mill .Manager. Textile hLxpei i and Enj;ineer, 
Examiner in iiax Spinning to the City and (iuiKl> of London 
Institute. Demv S\o. 1SM>7. With b2 I liusirat ions. 2(K) pp. I’riee 
7x Od. net. (Post tree. 7s. lid. home; Ss. 2d. abroad.) 


(Collieries and Mines.) 

RECOVERY WORK AFTER PIT FIRES. By Rdhi rt 

f.-'isonocm. .Mining Enj»meer and .Manaj»er. Translated from the 
tTcrman. Illustrated by Six lar;»e Plates, containing Si-venty six 
illustrations. 17.S pp. Demy 8vo. Price lbs. bd. net. (Post free, 
1 Is. h<<me , 1 Is. 2d. ahrriad.^ 
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VENTILATION IN MINES. By Robert Wabner, Mining 

Engineer. Translated from the German. Royal 8vo. Thirty Plates 
and Twenty-two Illustrations. 240 pp. Price 10s. 6d. net. (Post free, 
11s. home; 11s. 6d. abroad.) 

THE ELECTRICAL EQUIPMENT OF COLLIERIES. By 

W. Galloway Duncant and David Penman. Demy 8vo. 310 pp. 
1€5 Illustrations and Diagrams. Price 10s, 6d. net. (Post free, 11s. 
home; 11s, 4d. abroad.) 


(Dental Metallurgy.) 

DENTAL METALLURGY ; MANUAL FOR STUDENTS 
AND DENTISTS. By A. B. Griffiths, Ph.D. Demy 
8vo. Thirty-six Illustrations. 200 pp. Price 7s, 6d. net. (Post free, 
8s. home ; 8s. 2d. abroad.) 


(Engineering, Smoke Prevention and 
Metallurgy.) 

THE PREVENTION OP SMOKE. Combined with the 

Economical Combustion of Fuel. By W. C. Popplevvell, M.Sc., 
A..M. Inst., C.E., Consulting Engineer. Forty-six Illustrations. 190 pp. 
Demy Price 7s. 6d. net. (Post free, 8s. home ; 8s. 2d. abroad.) 

GAS AND COAL DUST FIRING. A Critical Review of 

the Various Appliances Patented in Germany for this purpose since 
1885. By Albert Putsch. 130 pp. Demy Svo. Translated from the 
German. With 103 Illustrations. Price 5s. net. (Post-free, 5s. 5d. 
home ; 5s. 6d. abroad.) 

THE HARDENING AND TEMPERING OF STEEL 
IN THEORY AND PRACTICE. By Fridolix Reiser. 

Translated from the German of the Third Edition. Crown Svo. 
120 pp. Price 5s. net. (Post free, 5s. 4d. home and abroad.) 

SIDEROLOGY: THE SCIENCE OF IRON (The Con- 
stitution of Iron Alloys and Slags). Translated from German Of 
Hanns Freiherr v. Juptner. 350 pp. Demy Svo. Eleven Piates 
and Ten Illustrations. Price 10s. Od. net. (Post free, 11s. home; 
Us. 4d. abroad.) 


EVAPORATING, CONDENSING AND COOLING 
apparatus. Explanations, Formulae and Tables for Use 

in Practice. By E. Hausbrand, Engineer. Translated by A. C. 
Wright, M.A. (Oxon.), B.Sc. (Lond.). With Twenty-one Illustra- 
tions and Seventy-six Tables. 400 pp. DemySvo. Price lOs. 6d. net. 
(Post free, 11s. home; Us. 6d. abroad.) • 
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(The “ Broadway ” Series of Engineering 
Handbooks.) 

Vnifoim itt Size ; Xarrew Crown SfO. {To Jit Pocket,) 

VoiuME I— ELEMENTARY PRINCIPLES OP RE 

INPORCED CONCRETE CONSTRUCTI DNt By 

Ewart S. Andrews. B.Sc. Eng. (Lond.). 200 pp. With 57 Illus- 
trations, Numerous Tables and W’orked Examples. Price 3s. net. 
(Post free. 3s. 5d. home ; 3s. 6d. abroad.) 

Volume II. — GAS AND OIL ENGINES. By A. Kirschke. 

Translated and Revised from the German, and adapted to English 
practice. 160 pp. 55 Illustrations. Price 3s. net. (Post free, 
3s. 5d. home ; 3s. 6d. abroad. ) 

VoLiME III — IRON AND STEEL CONSTRUCTIONAL. 
WORK. By K. ScHiNDi.ER. Translated and Revised from 
the German, and adapted to English practice. 140 pp. 115 Illus- 
trations. Price 3s. 6d. net. (Post free, 3s. lid. home; 4s. abroad.) 

Volume IV.— TOOTHED GEARING. By G. T. White, 
B.Sc. (Lond.). 220 pp. 136 Illustrations. Price 3s.6d.net. (Post 
free. 3s. lid. home: 4s. abroad.) 

Volume V.— STEAM TURBINES : Their Theory and Con- 
struction. Bv H. WiLDA Translated and Rev is/,’, from the 
German, and adapted to English practice. 200 *pp. 104 Illus- 
trations. Price 3s. 6d. net. (Post free, 3s. ’Id. home; 4s, abroad.) 

Volume \T. — CRANES AND HOISTS. T heir Construction 

and Calculation. By H. W'ilda. Translated from the German; 
revised and adapted to British practice. 168 pp. 399 Illustrations. 
Price 3s. 6d. net. (Post free. 3s. lid. home ; 4s. abroad.) 

Volume VII.— FOUNDRY MACHINERY. By E. Treiber. 

Translated frt,m the German ; revised and adapted to British practice. 
148 pp. 51 Illustrations. Price 3s. 6d. net. (Post free, 3s. lid. home ; 
4s. abroad.) 

Voi.l.mh VI 11.— motor car MECHANISM. By W. E. 

Dom.mktt, Wh.Hx., A..M.1.A.I-:. 2i,(> pp. 102 lllustratii)ns. Price 

3s. 6d. net. (Post free, 3s. lid. home ; 48. abn)ad.) 

Voi L ME IX.— ELEMENTARY PRINCIPLES OP ILLUM. 
INATION AND ARTIFICIAL LIGHTING. By A. 

Blok, B.Sc. 240 pp. 124 Illustrations and Diagrams and 1 Folding. 
Plate. Price 3s. 6d. net. (I^ost free, 3s. lid. ht)me ; 4s. abroad.) 

VoixME X.— HYDRAULICS. By E. H. Sprague, A.M.I.C.E, 

190 pp. W ith Worked Examples and 84 Illustrations. Price 3s. 6d. 
net. (Post free. 3s. lldi home ; 4s. abroad.) 
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Volume XL— ELEMENTARY PRINCIPLES OP SUR- 
VEYING. By Al. T. M. Ormsby, ALI.C.E.l. 244 pp. 

With Worked Examples and 135 Illustrations and Diagrams, including 
4 Folding Plates. Price 4s. net. (Post free, 4s. 5d. home ; 4s. 6d. 
abroad.) 

Volume XII.— THE SCIENCE OP WORKS MANAGE- 
MENT. By John Batey. 232 pp. Price 4s. net. (Post 

free, ^s. 5d. home ; 4s. 6d. abroad.) 

Volume XIII.— THE CALCULUS POR ENGINEERS. 

By Ewart S. Andrews, B.Sc. Eng. (Ldond.), and H. Bryon Heywood, 
D.Sc. (Park), B.Sc. (Lond.). 284 pp. 102 Illustrations. With Tables, 
and Worked Examples. Price 4s. net. (Post free, 4s. 5d. home ; 
4s. 6d. abroad.) 

Volume XIV. — LATHES: Their Construction and Operation. 
By G. W. Burley, Wh.Ex., A.M.I.M.E. 244 pp. 200 Illustrations. 
Price 3s. 6d. net. (Post free, 3s. lid. home; 4s. abroad.) 

‘ Volume XV.— STEAM BOILERS AND COMBUSTION. 

By John Batey. 220 pp. 18 Diagrams. Price 4s. net. (Post free, 
4s. 5d. home ; 4s. 6d. abroad.) 

.Volume XVI.— REINPORCED CONCRETE IN PRAC- 
TICE. By A. Alban H. Scott, Al.S.A., M.C.I. 190 pp. 

130 Illustrations and Diagrams and 2 Folding Plates. Price 4s. net. 
(Post free, 4s. 5d. home ; 4s. 6d. abroad.) 

Volume X^JL— STABILITY OP MASONRY. By E. H. 

Sprague, A.M. I.C.E. 180 pp. 92 Illustrations. 3 Folding Plates and 
Worked Examples^ Price 4s. net. (Post free, 4s. 5d. home ; 4s. 6d. 
abroad.) ' 

Volume XVII I.— TESTING OP MACHINE TOOLS. By 

G. W. Burley, Wh.E.x., A.M.I.M.E. 240 pp. 110 Il|gfetrations. Price 
4s. net. ( Post free, 4s. 5d. home ; 4s. 6d. abroad.) 

Volume XIX.— BRIDGE POUNDATIONS. By W. Burn- 
side, .M, I.C.E. 148 pp. 31 Diagrams. Price 4s. net. (Post free,. 
4s. 4d. home and abroad.) 

Volume XX.— THE STABILITY OP ARCHES. By E. H. 

Sprague, A.M. I.C.E. 150 pp. 58 Diagrams. 5 Folding Plates. 
Price 4s. net. (Post free, 4s. 5d. home; 4s. 6d. abroad.) 

ly list 'published^ 


;IN PREPARATION.] 

PORTLAND CEMENT. Its Properties and Manufacture. 

By P. C. H. West, F.C.S. 

CALCULATIONS POR A STEEL PRAME BUILDING. 

By W. C. Cocking, M.C.I. 



GEAR CUTTING. By G. W. Burley, Wh.Ex., A.M.I.M.E. 

MOVING LOADS BY INFLUENCE LINES AND 
OTHER METHODS. By E. H. Sprague, A.M.I.C.E. 

DRAWING OFFICE PRACTICE. By W. Clegg. 

ESTIMATING STEELWORK FOR BUILDINGS. By 

B. P. F. Gleki) and S. Bvlandkh, M.C.I. 

THE THEORY OF THE CENTRIFUGAL AND TURBO 
PUMP. By J. \V. Cameron. 

STRENGTH OP SHIPS. By James Bertram Thomas. 

MACHINE SHOP PRACTICE. By G. W. Burley, Wh.Ex. 
.4.M.I.M.E. 

DESIGN OP MACHINE ELEMENTS (In 2 Volumes). 

By W'. G. Dlnki.kv. 

IRON AND STEEL By J. S. G LEN Primrose. 

ELEMENTS OF STRUCTURAL MECHANICS. By K. H. 

Spk.\guk. .A.M.I.C.E. 

ELEMENTARY MATHEMATICS FOR ENGINEERS 
AND ARCHITECTS. By E. H. Spha(,ul. A.M.I.C.E. 

DRIVING OP MACHINE TOOLS By T K\ Shaw. 

ELECTRIC TRACTION By H. .M. Savlrs ' 

PRECISION GRINDING MACHINES By T. R. Shaw. 

Prosf'fi.'tus full Ci'iiic fits of any of (he abort rolunies in preparntinn will 

he sent, ivhen ready, (<> anyone si)idino thiir address to the Publishers. 


(Sanitary Plumbing, Metal Work, etc.) 

EXTERNAL PLUMBING WORK. A Treatise on Lead 

Work for Roofs. By John \\', Hakt, R.P.C. 180 Illustrations. 272 
pp. Demy 8vo. Second Edition Revised. Price 7s. 6d. net. (Post 
free, >>s, home; 8s. 2d. abroad.) 

HINTS TO PLUMBERS ON JOINT WIPING, PIPE 
BENDING AND LEAD BURNING. Third Edition, 

Revised and Corrected. By John W. Hart, R.P.C. 184 Illustrations. 
313 pp. Demy 8vo. Pnce 7s. 8d. net. (Post free, Ss. home; 8s. 4d. 
abroad.) 

SANITARY PLUMBING AND DRAINAGE. By John 

W. Hart. Demy 8vo. With 208 Illustrations. 250 pp. 1904. Price 
7s. bd. net, (Post free, 8*^. home; 8s. 2d. abroad.) 
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THE PRINCIPLES OF HOT WATER SUPPLY. By 

John W. Hart, R.P.C. With 129 Illustrations. 177 pp. Demy 8vo. 
Price 7s. 6d. net. (Post free, 8s. home; 8s. 2d. abroad.) 

THE PRINCIPLES AND PRACTICE OF DIPPING, 
BURNISHING, LACQUERING AND BRONZING 
BRASS WARE. By W. Norman Brown. Revised and. 

Enlar^d Edition. Crown 8vo. 48 pp. Price 3s. net. (Post free, 
3s. 4d. home and abroad.) 

A HANDBOOK ON JAPANNING. For I ronware, Tinware, 
and Wood. etc. By William Norman Brown. Second Edition. 
Crown 8vo. * 70 pp. 13 Illustrations. Price 3s. 6d. net. (Post free, 
3s. lOd. home and abroad.) 

SHEET METAL WORKING. Cutting, Punching, Bending, 

Foklintf. Pressinj^, Drawing and Embossing Metals, with Machinery for 
same. By F. (jHohoi and A. Schubrrt. Translated from the German. 
Demy 8vo. IHO pages. 125 Drawings and Illustrations. 2 Folding 
Plates. Price 7s. bd. net. (Post free, 8s. home and abroad.) 


(Electric Wiring, etc.) 

THE DEVELOPMENT OF THE INCANDESCENT 
ELECTRIC LAMP. By G. Bash. Barha.m, A..M.I.E.E. 

Demy . SAlo. 200 pp. Witli Two Plates. Ten Tables and Twenty- 
H\'e i lli?s^%(tii’)ns, l^rice .^s. net. (Post free, .5s. .5d. home; 5s. 5d. 
abroad, i 

WIRING CALCULATIONS FOR ELECTRIC tlGHT 
AND POWER INSTALLATIONS. .A. Practical Hand- 

book cont.iining W iring Tables. Rules, and Fortmilx for the Use of 
Architects b:n'<oiiecrs.Mining Engineers, and Elcctncians, Wiring 
Contractors and Wircmen. ecc^ Bv^G. W. Lum.mis Paterson. Crown 
Svo. Ob pp. 35 Tables. Pnee 5s. net. (Post free, os. od. home; 
5s. tui. abroad. I 

ELECTRIC WIRING AND FITTING. By Sydney F. 

W alki:k. R,X.. .M.I.F..E., M.I.Min.E., A.M.Inst.C.E., etc., etc. Crown 
bvo. 150 pp. Wdth Illustrations and Tables. Price os. net. (Post 
free. os. otl. lu>me; 5s. bd. abroad.) 


(Brewing and Botanical.) 

HOPS IN THEIR BOTANICAL, AGRICULTURAL 
AND TECHNICAL ASPECT, AND AS AN ARTICLE 
OF COMMERCE. By E.m.manuel Gross. Translated 
from the German. Seventy-eight Illustrations. 340 pp Demy 8vo. 
Price 10s. b<l. net. (Post free, 11s. hoipe ; Us. 4d. abroad.) 
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INSECTICIDES, FUNGICIDES, AND WEED KILLERS. 

By E. Bourcart. D.Sc. Translated from the French. Revised and 
Adapted to British Standards and Practice. Demy 8vo. 450 pp. 83 
Tables and 12 Illustrations. Price 12s. 6d. net. (Post free, 13s. home ; 
13s. 4d. abroad.) 

(For Agricultural Chemistry , see /». 3.) 


■(Wood Products, Timber and Wood Waste.) 

■WOOD PRODUCTS ; DISTILLATES AND EXTRACTS. 

By P. Di -viESNY, Chemical Engineer, Expert before the Lyons Com- 
mercial Tribunal, Member of the International .Association of Leather 
Chemists; and J. Noyer. Translated from the French by Donald 
Grant. Royal 8vo. 320 pp. 103 Illustrations and Numerous Tables. 
Price 10s. bd. net. (Post free. 11s. Id. home; 11s. 8d. abroad.) 

"TIMBER ; A Comprehensive Study of Wood in all its Aspects 
(Commercial and Botanical), showing the Different Applications and 
L’ses of Timber in Various Trades, etc. Translated from the French 
of Paul Charpentikr. Royal 8vo. 437 pp. 178 Illustrations. Price 
12s. bd. net. (Post free. 13s. homo; 13s. bd. abroad.) 

THE UTILISATION OF WOOD WASTE. Translated from 

the German of Ernst Hubbard. Second Revised English Edition. 
Crown Svo. 208 pp. Fifty Illustrations. Price 5s. net. (Post free, 
5s. 5d. home; 5s. bd. abroad.) 

(.See’ a!si.’ L' or U'asre' Pr>Jucts^ f, y') 


(Building and Architecture.) 

ORNAMENTAL CEMENT WORK. By Oi.ivkr Whkatlev. 

Demy 8vo. 83 Illustrations. 128 pp. Price 5s. net. (l^ost free, 
5s. 5d. home; 5s. <>d. abroad.) 

THE PREVENTION OF DAMPNESS IN BUILDINGS; 

with Remarks on the Causes, Nature and Effects of Saline, Efflores- 
cences and Dry-rot, for Architects, Builders, Overseers, Plasterers,'* 
Paintgrs and House Owners. By Adolf Wilhel.m Kei.m. Translated 
^from the German of the Second Revised Edition by M. J. Salter, F.I.C., 
F.C.S. Eight Coloured Plates and Thirteen Illustrations. Crown Svo. 
115 pp. Price 5s. net. (Post free, v5s, 4d. home and abroad.) 

HANDBOOK OP TECHNICAL TERMS USED IN ARCHI- 
TECTURE AND BUILDING, AND THEIR ALLIED 
TRADES AND SUBJECTS. By Auguvstine C. Passmore. 

Demy Svo. 38(J pp. Price 7s. 6d. net. Post free, 8s. home; 8s. 4d. 
abroad.) 
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(Foods, Drugs and Sweetmeats.) 

TOOD AND DRUGS. By E. J. Parry, B.Sc., P.I.C., F.C.S. 

Volume I. The Analysis of Food and Drugs (Chemical and Micro- 
scopical). Royal 8vo. 724 pp. Price 21s. net. (Post free, 21s. 7d. 
home; 22s. 6d. British Colonies; 23s. 3d. other Foreign Countries.) 
Volume II. The Sale of Food and Drugs Acts, 1875-1907. Royal 8vo. 
J184 ]^. Price 7s. 6d. net. (Post free, 8s. home; 8s. 4d. abroad.) 

THE Mj^NUFACTURE OP PRESERVED FOODS AND 
SWEETMEATS. By A. Hausxer. With Twenty-eight 
Illustrations. Translated from the German of the third enlarged 
Edition. Second English Edition. Crown 8vo. 225 pp. Price 7s. 6d. 
net. (Post free, 7s. lid. home; 8s. abroad.) 

RECIPES FOR THE PRESERVING OF FRUIT, VEGE- 
TABLES AND MEAT. By E. Wagner. Translated 

from the German. Crown 8vo. 125 pp. With 14 Illustrations. Price 
5s. net. (Post free, 5s. 5d. home ; 5s. bd. abroad.) 

(Dyeing Fancy Goods.) 

THE ART OF DYEING AND STAINING MARBLE, 
ARTIFICIAL STONE, BONE, HORN, IVORY AND 
WOOD, AND OF IMITATING ALL SORTS OF 
WOOD. A Practical Handbook for the Use of Joiners, 
Turners, .Manufacturers of Fancy Goods, Stick and Umbrella Makers, 
Comb Makers, etc. Translated from the German of D. H. Soxhlet, 
Tec hnicat^^he mist. Crown 8vo. 168 pp. Price 5s. net. (Post free, 
5s. 5d. home; 5s. 6d. abroad.) , 

% 

(Celluloid.) 

•CELLULOID : Its Raw Material, Manufacture, Properties and 
Uses. A Handbook for Manufacturers of Celluloid and Celluloid 
Articles, and all Industries using Celluloid ; also for Dentists and 
Teeth Specialists. By Dr. Fr. Bockmann, Technical Chemist. Trans- 
lated from the Third Revised German Edition. Crown 8vo. 120 pp. 
With 49 Illustrations. Price 5s. net. (Post free, 5s. 5d. home; 5s. 6d. 
abroad.) 

(Lithography, Printing and Engraving.) 

ART OF LITHOGRAPHY. By H. J. Rhodes. Demy 3vo. 
344 pages. 120 Illustrations. 2 Folding Plates. Copious combined 
Index and Glossary. Price lOs. 6d. net. (Post free, 11s. home; 11s. 4d. 
abroad.) 

PRINTERS’ AND STATIONERS’ READY RECKONER 
AND COMPENDIUM. Compiled by Victor Graham. 
Crown Svo. 112 pp. 1904. Price 3s. 6d. net. (Post free, 3s. 1 Id. home ; 
4s. abroad. 
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ENGRAVING FOR ILLUSTRATION. HISTORICA?b- 
AND PRACTICAL NOTES. By J. Kirkbride. 72 pp. 

Two Plates and 6 Illustrations. Crown 8vo. Price 2s. 6d. net. (Post 
free, 2s. lOd. home and abroad.) 

{For Printing Inks, sec p. 2 .) 

(Bookbinding.) 

PRACTICAl. BOOKBINDING. By Paul Adam. Trfin slated 

from the German. Crown 8vo. 180 pp.* 127 Illustrations. Price 5s. 
net. (Post free, 5s. 5d. home; 5s. bd. abroad.) 

(Sugar Refining.) 

THE TECHNOLOGY OF SUGAR : l^ractical Treatise on 

the Modern Mcth.xis ot Manufactuic of Safiar from the SuRar Cane and 
Su^ar Beet. By John Gr.DDr.s McIntosh. Third Revised and 
Enlarged Edition'. Demv JSvo. 54(1 pp. 244 1 llustrat i<ms. Ih-ice 
12s. 6d. net. free. U’-. h.ome : 1 Js. <Sd. abroad, t ufust ruhlishid. . 

|Stc "/Cm; C e 't « b ^7-) 

( FEmery.) 

EMERY AND THE EMERY INDUSTRY Translated 

from the German ■ f A. Hai; Mo. Ci‘,\vn .svo. 4s Illustrations, 1 Ui pp. 
Pr ce 5^^, net. Il>,»t tree. .f. M. Ia•rlle; .'s. hd. tihro.id.) 

(Biblioj^raphy.) 

CLASSIl'XED GUIDE TO TECHNICAL AND COM- 
MERCIAL BOOKS. Conipilod by I-Idoak Gfueienwood. 

Demv eSv(», 224 pjv B'04. Bcmg a Su ' cet-!i>t ni the Principal 
British and American IBooks in pnat ; giving Iit:e, .Author, Si/c. J)ate. 
Puhlt>hcr and Brice. Brive 5r.. ret. dV»si free, 5^ .^d. iu-me; 5s. bj. 

HANDBOOK TO THE TECHNICAL AND ART 
SCHOOLS AND COLLEGES OF THE UNITED 
KINGDOM. Cruitainnig particulars of nearly 1,000 Tcchn!- 

eal. Commercial and Art SBnools throughout the United Kingdom. 

\S ith Luli particulars of the evturse^ of instruction, names of principals, , 
, .secretaries etc. Demy Sv >. 1.50 pp. Priccds.bd.net. (Bust free, 

4s. }’,on{c and abroatl.i 
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